V 



;i • '■ v, >i 


'i ,r * -ilxr 'i v s* 


, .. , i» . ■ 

v. ■ 

>v i 


t . t \ ’ i 


/ ’ f 

, {'Vmi,. 


, ,>V; | ’ 


• ‘ L * ? ■ 


<< ; / 

. ■ A t ; s 


-/-? 5?733 


fV | f. -i- * 1 ‘ 

-?.i .1 • 




• r * 




ff«- ' •* 


y- 


iif 

IV 


1 

I- 

y. 


*1 ... vif!" 

V FINAL REPORT. ■ " ' T'. 7 

BIOMEDICAL. ENGINEERING TASKS 

•’ . : 1 ; ’ „i \ V. 

■ >“' r P ' j\ ' '• . ’ •, , , • •. 

. ' . CONTRACT,' NAS 9-12597 ' :*• 

• ; i 1 ■ -v . 

; . . 1 SUBMITTED TO ‘ ’ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


<*:?v > *7 


I ■. jK 


, • - MANNED’ SPACECRAFT CENTER 

• f .. 'v. •. • a... • 

’•*• , *. ''HOySTON ,; TEXAS"*' <t > ; . • 

•V TV,,; / V.: ' • f ■ ' ‘ |fr J : -s 

V, v. -Vv " '’’v j,. w .- 1 • , -A by 1 '.iv^v,: J . ’ •* ■ 

; ;-c% . ;v,h. • • v :• • . 






■ ' 7 1 • , 7,f by \iWc;: ■> wiW : ■ ■ :••• ; " . .. 

- ' "" SCI -SYSTEMS' ! INC. ’ :• 

.*> - ... * :A: ■ . " wv. '! - v. . • 

' vt) unrtCTrtM nrwTCT'oxi'- 


rr, . * 'v 




.<«W- ‘W- HOUSTON- DIVISION 

... 

“ , '''& : rS' ' 8330 BROADWAY ST, 


:i > 

r’ . / 


HOUSTON;. TEXAS 77017 •• > , 1 ;\.,- 

.. ' ../a, U' i ■ , 1 . ; . ‘ '• ' v 

I ■ ^ :Vr vS.-i " ■■■ •'•‘'V';/’- ’ ; . >.;/V 

• ' r'.- , ’X.y r . 


l*'., i.' .* .x’ 

V't 'Jf’fe, i- Reproduced bY 


- , national technical 

' ;v«’ INFORMATION SERVICE 

;1 " u SXStvA.“ ce 

.Vy r , ■* ';]>,< ■* , r - < ’ ■. : '"V ‘ ' '^y : f' 1 

I , V , ' • A J I./S . y > r'lf. f I I ^ . ' .1 , J*‘ , 

, •*“..*• • t: "7 DECEMBER, ',19,72,'- • . v ’V‘A-' 


)• •'* 


o 

'l 

r- 


m 


r* 

W 

CM 

«} ^ 

1 

H vo 


L> CM 


a cm 

» 

o ^ 


m 




X 


00 


CD 

i 


i 

CQ 1 


VO j 

CD 

O 

95 


H 

. ^ 

« • 

X o 

W > 

cp cn i 

w o tH U 

35 525 
H 

- 1 

C3 O 


5Z5 ^ 

o 

W 

-w 

1 

03 ! 




o 


H flJ 
Q » 

% 

W 

i 

5E3 v 

o 

O 

0 

H * H 

00 +) 


M 

% 

O 

in 

^0.0 

m tp 

CP 

00 P$ 

V O 

r- 

w in 

ct> H 



, '<>/ 


• I*- . rf . 

’ t* , . * 


. 'j* ■’ ■ '• ‘V f 






CN (13 GO 

, r~ p: 

' I H H 
P 5 PHUU 

U tn ac 

i 

CO ^ 

{fl &CJ 04 I V G 

< CO cfa ^ 

pc c <h ^ 




V.:-, u>:; , . 

v.; i\- 

1 .. - - ; *tt’> . x* !■: 


, , /-^ 
' A 




i v SEf SYSTEMS. INC. 

•'•‘■A* ‘ } ''**!* * I ' I- ' l ' . ' V 'j ' r 

t a* ' ^ 7 / - 1 w, ti.'h uni icthm 

■*. >■ -■ |- . ,i ... • ■ 't. :y ■ ■" , *. 

i'f'-y.: ^ A !. • ;-’>r '"'V ' .. t:.:'. 

; 1 •**/ V - '■ ' y y • .. * * •< . . 

a>‘ • ' '* ' i \. 


*> ''•* '!/ S 


11 [.HOUSTON DIVISION 

f . . ■ . " . y f ,v * '■ 

L ‘ l- . f , ■ ' u 




I 


NOTICE 

THIS DOCUMENT HAS BEEN REPRODUCED FROM THE 
BEST COPY FURNISHED US BY THE SPONSORING 
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER- 
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE- 
LEASED IN THE INTEREST OF MAKING AVAILABLE 


AS MUCH INFORMATION AS POSSIBLE. 




FINAL REPORT 

BIOMEDICAL ENGINEERING TASKS 
CONTRACT NAS 9-12597 

SUBMITTED TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 

BY 

SCI SYSTEMS, INC. 

HOUSTON DIVISION 
8330 BROADWAY ST. 

HOUSTON, TEXAS 77017 


DECEMBER, 1972 


I 


\ 

\ 




CONTENTS 


FOREWORD 

I. Bioinstrumentation Problems 

II. ECG/VCG Electrode Harness System 

III. Arrhythmia Detection 

IV. ECG Signal Preprocessor 

V. Sleep Monitoring System M 133 
Cap Assembly Evaluation 




Foreword 


This Final Report documents the work accomplished for the duration of 
Contract NAS 9-12597 from March 1, 1972 to November 30, 1972. All 
requirements of the Statement of Work (Exhibit A of the Contract) 
have been completed within the budget and time allocated. 

All technical concepts developed under the contract have been 
demonstrated to the cognizant NASA-MSC technical personnel. There 
is no deliverable hardware under this contract. 



I. BIOINSTRUMENTATION PROBLEMS 


Although no major problems arose during the performance of this program, 
several small problems were investigated and solved under direction of the 
Technical Monitor. These problems were largely associated with support of 
SMEAT testing. Also, specialized measurements of electrodes were performed 
and the results were reported in support of specific bioinstrumentation 
problems . 



II. ECG/VCG ELECTRODE HARNESS SYSTEM EVALUATION 


INTRODUCTION 

The following study was undertaken to explore the possibility of selecting a 
new electrode system for Project Skylab both for experimental and continuous 
monitoring purposes. The present electrode configuration utilizing the sponge 
wetted with electrolyte and recessed in the plastic housing has been found to 
be troublesome and inconvenient in its use. This electrode has exhibited a 
continuing problem with bacterial contamination of the wetted sponges even 
though they are sealed in foil packets and treated with Benzoates. The sponges 
also tend to take a "set" and not provide the necessary thickness for proper 
skin contact. This electrode was originally chosen over the traditional paste 
filled electrode because of the messy and time consuming task involved in 
filling the electrodes. 

The selection of an improved electrode system would greatly enhance the efficiency 
with which the astronauts can conduct their experiments. Three major parameters 
were measured in the evaluation of various electrode-systems: impedance, voltage, 

and actual recorded EKG waveforms. The impedance and voltage measurements gave 
an approximation of time required to produce noise free recordings. Actual EKG 
strip chart recordings were utilized to confirm findings taken in the impedance 
and voltage measurements. 

MATERIALS AND METHODS 

For the present electrode study, 20 healthy male subjects were chosen with ages 
ranging from 30 to 40 with an average age of 32. All subjects were of average 
complexion and with one exception, average build. The experiment was conducted 



during the months of May and June. Laboratory conditions were maintained 
throughout the study. Temperatures ranged from 70° to 74°F and relative 
humidity ranged from 50% to 80%. All subjects were Caucasian. 

Four types of electrode systems were utilized in this study. The ECG/VCG 
system consists of a recessed silver/silver chloride pellet of approximately 
2 sq. cm. in area. The electrolyte wetted sponge is placed in the recessed 
electrode and attached to the skin with Stomaseal adhesive discs. The 
second system consists of an electrode with a silver/silver chloride disc 
mounted flush with the surface of the electrode. It was then wetted with a 
paste designated KM129B. The third system again consisted of a flush electrode 
utilizing a paste designated KM136. The fourth system consisted of a flush 
type electrode and standard flight electrode paste. All flush electrodes had 
a surface area of 2 sq. cm. They were also held to the skin utilizing stoma- 
seal adhesive discs. Prior to application of the electrodes, the electrode 
skin site was prepared utilizing the Zephiran Chloride wipes planned for 
utilization during the VCG experiment. No rough treatment or decomification 
was utilized in preparation of the skin. The underside of the forearms was 
utilized as the placement sites for the electrodes extending approximately 
half way between the elbow and the wrist. This application is shown in Figure 1, 
For waveform measurements, the electrode sites were the manubrium and V5 place- 
ments, For exercise recordings, a friction type ergometer was utilized. 

Impedance measurements were made using a NASA-designed impedance meter with 
ranges from 1000 ohms to 1 megohm. This system uses a chopper to reverse 
polarize the electrodes at the chopper frequency thus preventing any polarity 
buildup. The voltmeter utilized for voltage measurements was a Hewlett Packard 
412A with an input impedance of approximately 10 megohms. The ECG recordings 
were made utilizing two sets of commercial clinical instrumentation. These 
were Abbott Medical Electronics, Model EK2 (EKG amplifier) and a CR1 (chart 
recorder). For a simultaneous recording, the recorders were initiated simultan- 
eously and marked at their initiation point. The set up for the ECG recordings 
is shown in Figure 2. This recording system has a frequency response (plus or 
minus 3db) from 0.5 Hz to 100 Hz. 
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ELECTRODE IMPEDANCE/VOLTAGE 
TEST SETUP 


FIGURE 1 



EXERCISE EKG STRIP CHART 
RECORDING SETUP 
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FIGURE 2 





With the subject sitting at rest at a table, the electrodes were attached to the 
underside of the forearm following a brief cleansing of the forearm with Zephiran 
Chloride wipes. Immediately after application, the electrodes were checked for 
impedance and voltage. At 4 minute intervals, this data was rechecked. The 
intervals of measurements consisted of 4, 8, 12, 16, 20, 30, and 40 minutes 
respectively. After data was taken 45 minutes after appliction, the electrodes 
were removed and the underlying skin was checked for any irritation. No irri- 
tation appeared on any subject for any electrode system. The ECG recordings were 
taken both at rest and under vigorous exercies on the ergometer. To nullify any 
effects of instrumentation, the channels were reversed on the two systems and 
recordings were again taken both at rest and at exercise. The electrodes selected 
for exercise were the current ECG/VCG electrode with its internal sponge and the 
electrode that showed the best promise as far as impedance and voltage. The 
electrodes were placed 1/8" separating the two electrode housings. Approximately 
2 minutes of recording were taken on each period of recording. 

RESULTS 

After all data were taken, graphs were plotted on both impedance and voltage for 
each subject. Extrapolation was used in many instances where the initial impedance 
was above 1 Megohm. After all graphs were drawn, the data were averaged as to 
time and magnitude of impedance and voltage, Figure 3 depicts the average impedance 
of the four electrode systems tested. As can readily be seen from this graph, 
the KM129B and KM136 electrode systems were far superior in their performance with 
impedance versus time* The voltage measurements were also averaged and their plot 
appears on Figure 4. As can be seen from this graph, the voltage measurements 
are quite random and centered about 4 millivolts. No particular system seemed 
to be superior as far as the voltage measurement was concerned. As can be seen 
from the impedance chart, the two KM- type pastes out -performed both the VCG and 
standard flight paste. Following the analysis of both the impedance and voltage 
data, the KM129B was selected as a candidate to compare with the VCG paste. To 
evaluate the KM129B in reference to the VCG paste, electrodes were attached to 
both the highest impedance subject and low impedance subject to evaluate the ECG 
recordings. Figure 5, 6, 7, and 8 depict the results of the ECG chart recordings. 

f 
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FLUSH MOUNTED/ KM1 29 B 



ECG/VCG SPONGE 

SIMULTANEOUS RESTING EKG RECORDINGS 


(High Impedance Subject #6) 
FIGURE 5 



FLUSH MOUNTED/KM129B 



ECG/VCG 

SIMULTANEOUS EXERCISE EKG RECORDINGS 
(High Impedance Subject #6) 
FIGURE 6 



FLUSH' M0UNTED/KM1 29B 



ECG/VCG SPONGE 

SIMULTANEOUS RESTING EKG RECORDINGS 
(Low Impedance Subject #3) 
FIGURE 7 








FLUSH M0UNTED/KM129B 



SIMULTANEOUS EXERCISE EKG RECORDINGS 
(Low Impedance Subject #3) 
FIGURE 8 
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CONCLUSIONS 

Test data indicated that the two KM type pastes produced impedances approximately 
one half the VCG impedance at the end of 45 minutes. The KM129B was selected 
as a candidate to compare to the VCG because of its consistency and probable 
ease of dispensing. Analog strip chart recordings from each of the two subjects 
indicated that the KM129B paste used in conjunction with the flush electrode did 
not significantly differ in quality from the sponge/recessed electrodes. There- 
fore, because of the KM129B low impedance characteristics and its apparent ease 
of application, this electrode system has been found to be far superior to the 
VCG sponge electrode. 
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III. ARRHYTHMIA DETECTION 


Project Summary 

The purpose of this project was to design and develop hardware/software ECG 
signal processing techniques suitable for use in a multi-subject real time 
cardiac arrhythmia detection system. In essence, the work is based on the 
concepts developed by Cox, Nolle, and Fozzard^. This technique reduces the 
incoming data, in a series of steps, to features essential to the proper 
classification of each QRS complex. 

A portable ECG preprocessor has been designed and a breadboard has been built 
of the unit. This unit will sample ECG input data at a rate of 500 samples 
per second. The preprocessor will filter the ECG data input for noise, 
correct the base line, and provide significant data reduction by supplying 
the computer with digitized ECG data only when that data exceeds certain 
adjustable limits which have been set around the base line. When these 
limits are exceeded, the preprocessor will also provide the computer with 
information as to the length of time between data samples. In most instances, 
this will mean that the computer will receive information only during a QRS 
complex along with data which can be identified as the R-R interval. The 
programs were also developed for this project to provide for the detection 
of arrhythmias and the discrimination of probable premature ventricular 
contractions (PVC's) . 

The programs which SCI has developed for this project consist of a very fast 
small multi -programming real-time "executive", a display driver program, a 
waveform feature processor, and a general multi-dimensional statistical 
analysis program for analyzing selected QRS features. 


1 


Jerome R. Cox, Jr., et.al., "Some Data Transformations Useful in 
Electrocardiography," Monograph No. 83, Washington University School 
of Medicine, St. Louis, Missouri, September, 1968. 




Initially, it was planned to interface the hardware preprocessor to the 
Varian 620F Computer and to develop the software for that computer. Because 
of the work load on available NASA computers, however, it was decided that 
the concept feasibility could be proved utilizing another computer. SCI 
therefore offered the use of some existing equipment at no cost to the 
Government for the development of a breadboard test system. The Data General 
Nova computer was used for the development of the software and the Ann Arbor 
CRT display was utilized to display the processed information. It should 
be emphasized that use was made of available SCI equipment for testing 
concept feasibility and this equipment does not constitute a final deliverable 
system. The concepts, however, were kept general so that the programs can 
be easily translated to operate on another computer. 

To date, the system has been given preliminary tests utilizing a QRS simu- 
lator and recorded data provided by the Dallas Heart Institute of patients 
residing in a coronary care ward. These tapes contain most of the classic 
arrhythmias (PVC's, nodal beats, abnormal rhythms, etc.). The. results so 
far have been very encouraging in that the arrhythmia monitoring system 
seems to be able to classify the various shapes of the QRS complexes quite 
accurately and in most cases was able to discriminate the ectopic beats 
which should be classified as premature ventricular contractions (PVC's) . 

The software has been able to "learn" what is normal or abnormal for a 
particular individual based on an analysis of the relationship of the current 
waveform to preceeding data. Much more qualitative work needs to be done 
in testing this system utilizing additional tapes (preferably those provided 
by NASA) and utilizing a chart recorder for an in-depth analysis of the 
quality of the computer's discrimination. The preprocessor has been designed 
with the ability to output data to a recorder as initiated by the computer. 

For test purposes the computer provides only one output display to the CRT 
(See Figure 1). This allows the display of up to 10 families; a family 
being a statistically significant group of QRS complexes along with data 
describing the pertinent features of that family. Among these features are 
the maximum positive amplitude of the QRS complex, the width of the QRS, 



the area under the curve, the heart rate in the form of the Q-Q interval, 
the maximum negative amplitude of the QRS complex, and the maximum slope. 
Included in this display are the number of members in each family and the 
amount of time since a member has been added to a particular family. In 
addition, on the lower part of this display is included information on the 
number of probable PVC's detected and how many beats have occurred normally 
during the time that these probable PVC's were indicated. Also, an instan- 
taneous indication comes up on the bottom of this display when a probable 
PVC is detected or if the information is noisy enough to be classified as 
chaotic by the computer. 



EXECUTIVE ROUTINE 


The Executive Routine used on the NOVA computer in this project is a 
previously-developed proprietary package. It is designed to control the 
operation of real-time systems while allowing maximum flexibility in 
application programs. 

Associated with each program to be run under executive control is an 
information list which defines features desired by the program and contains 
the present status of the program. Thus, by setting one bit the program 
may request exclusive use of a device when it needs it. It can call for 
queueing of data to be handled by other programs. The program can be 
scheduled to be run on a regular basis at given time intervals. 

When running, the Executive Routine controls the flow of data throughout 
the system. It identifies "interrupts" from devices and switches control 
to the proper handling routine. It keeps track of program priorities and 
makes best use of available machine time. By spending as little time as 
possible performing its own bookkeeping chores, it is able to allow quicker 
response of the system to external events. In this way the system can come 
ever closer to acting upon the data as the external event occurs. 

At the lowest level, the executive program is an assistant to both the pro- 
gram and the programmer. By performing necessary functions such as time- 
keeping and device coordination it frees the other programs to spend all 
their energies on the particular application at hand. In this way the 
Executive Routine reduces programming time, effort, and error. 

While this version of the executive is written for the NOVA computer, its 
philosophy and form are easily adaptable to other dedicated minicomputer 
systems such as the Honeywell 316 's and the Varian 620's. The fact that 
it is written in the particular machine language of the machine means that 
it is particularly tailored to that machine rather than a result of a slow, 
core-devouring, higher level program such as FORTRAN. Furthermore, the 
general nature of the Executive Routine makes it easily modified to control 
special or unusual applications . 




DISPLAY PROGRAMS 


The display package developed to assist in the checkout of this monitoring 
task is easily adaptable to other systems possessing a similar hardware 
configuration; that is, a NOVA-family computer and an Ann Arbor Terminal 
Video Controller. 

The package is requested by programs within the system which require display 
of a particular page. Associated with this page number is a table of 
formatting instructions which call other display routines to fill a buffer 
with octal, decimal, or alphabetic information. Since these three basic 
routines are already available, additional displays may be included merely 
by adding more table entries. 

The numerical display routines are designed to allow tables to be displayed 
in either rows or columns with only one change required. Alphabetic labels 
are easily set up and also readily changed. Provision has been made to 
allow for graphic information to be formatted, although at this time, a 
graphics -generating program is not being used. 



FEATURE PROCESSOR 


The Feature Processor program measures the features of the curve. Currently 
the six features which it measures are Amplitude, Width, Area under the 
Curve, Q-Q interval, maximum Change in Amplitude for a 2 -millisecond (ms) 
interval, and maximum amplitude of opposite sign of the major amplitude. 

The program is requested every 2 ms after the preprocessor detects a signal 
with exits from the baseline aperture. Every 2 ms the Change-In-Amplitude 
samples are stored in a buffer by the interrupt response code. This code 
then requests that the feature processor be run at the first opportunity. 

When the feature processor is called, its first action is to pick up the 
measured data from the buffer. If this is the first sample for a curve, 
this first sample is multiplied by a constant to give the initial amplitude 
of the signal. Subsequent samples are added to the amplitude to give the 
current amplitude. Each time a sample occurs, a counter is incremented. 

When this counter exceeds 400 (or .8 second), the curve is considered 
noise and the "K M aperture is reset. This counter is reset at the beginning 
of each curve. 

The data is exponentially smoothed by the formula: Vi = + 1/2 ( Vi_^ - Si) 

where V 0 = the initial change in amplitude and Si is the input sample. This 
removes sha;rp spikes from the data. The new amplitude value is divided by 
2 and added to the area. It is then divided again by 4 to give the criterion 
for judging when the curve has flattened out and QRS complex is complete. 

The width is measured by the number of samples required for the QRS to be 
considered complete. This occurs when a sufficient number of samples have 
satisfied the flat criterion. Each time the sample is "flat”, a counter 
is incremented. Each time the sample is not flat the counter is decremented 
to a minimum of zero. When the .counter reaches 64, the QRS is considered 
complete . 

Comparison and selection are performed to obtain the maximum positive ampli- 
tude and maximum negative amplitude. The sign of the maximum negative 
amplitude may actually be positive. This is because the signal may be 
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inverted. Then the amplitude of positive sign will be classified as 
negative. The amplitude with largest absolute value is the positive 
amplitude and the amplitude of the opposite sign is the negative amplitude. 

Each exponentially smoothed change of amplitude sample is compared to the 
maximum (absolute) value obtained thus far. If the new value is greater, 
then it replaces the previous maximum. This gives the maximum slope. 

The Q-Q interval is calculated by adding the width of the previous curve 
to the "long- line" length between QRS complexes. This long-line is 
measured in 16 ms intervals . 

When the QRS is complete, the calculated features are stored in a buffer 
and the statistical processor is requested. 

If the sample counter reaches 400 (.8 second), the curve is considered 
noisy or chaotic and no statistical examination is requested. The "K" 
aperture is reset and the feature processor quits looking at data for this 
curve. (This is done by resetting "K". The initial interrupt on K exit 
always causes all counters to be reset.) 



STATISTICAL PROCESSOR 


The statistical processor is general in design and thus easily modified to 
classify different features or numbers of features. It classifies the data 
given to it into related groups or families. Additionally, there is a 
section of code which looks for premature ventricular contractions (PVC's) 
and keeps a record of these. This program is activated by the Executive 
Routine upon request by the feature processor. 

The first action of the program is to retrieve the feature measurements 
from the buffer of the feature processors. It then compares each feature 
to a high and low allowable limit value. If any feature is outside its 
limits, the statistical program rejects this set of features as unusable 
and terminates itself. If all the features are within these gross limits, 
a search is make to determine if this curve fits into an active family. 

A family is called active if it has added a member within the last 20 beats. 
If it is not an active family, it is an inactive family and the storage is 
make available for a new family. 

There are per cent limits for each feature. Thus, if the percent limit is 
30 for amplitude, a new curve must have an amplitude of between 70% and 
130% of a family's amplitude to fit in that family. There is also a count 
value which may override the percent value. If the amplitude is 60, the 
percent value 30%, and the count value 25, then a new amplitude will fit 
if it is from 35 to 85, since the 25 is greater than 30% of 60. 

Each feature of the new curve is compared to that of the first family. If 
any feature does not fit, the comparison is repeated for all features on the 
next active family. This continues until either a family is found into 
which the curve fits or all the active families are exhausted. If the curve 
fits, then the family age is reset to the maximum of 20, one is added to 
the number of members in the family and the family is modified by the new 
member. This modification is a weighted average of each feature giving a 
weight of 0.1 to the new member and 0.9 to the previous value to yield the 
new family value. 




If the curve does not fit into any active family, then an inactive family 
slot is taken and turned into a new active family whose features are those 
of the new curve. The age is set to 20 and the number of members to 1. 

If there are no more slots available, the curve is ignored and all the other 
families are aged by one. The aging process is performed on each family 
not receiving a new member after each curve has been placed. After aging 
is complete, the processor looks for PVC's. 

The first step in abnormality classification is determining what is normal. 
It is assumed that the family with the most members is normal. If the new 
curve is in this family, it is not a PVC. If it is not in this family, 
comparisons are made. To be a PVC the new curve's area must be greater 
than 110% of the normal family’s area, Q-Q interval must be less than 93% 
of normal, and maximum change of slope must be greater than 70% of normal. 
This last criterion is to eliminate T waves from being called PVC's. If 
the curve is a probable PVC, a PVC counter is incremented. 

Before terminating the NOVA console switches are scanned. If they are set 
to a value of 177777g, a display of the families is requested. This 
includes a report of how many probable PVC's have been spotted in the 
previous N beats. This display will not be updated until some switch (es) 
is toggled for one beat's duration to reset the display request (flag). 

A switch value of 77777g will cause the beat and PVC counters to be zeroed. 
(This also resets the display request flag.) Finally, 37777 g causes all 
feature and member tables to be zeroed. 
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t THIS ROUTINE STORES DATA IN A CIRCULAR BUFFER 
3 TO ADVANCE ONE LORD AND STORE CALL STD. 

$ TO STORE IN THE PREVIOUS LOCATION CALL STD1 

3 TO PICK UP LORDS STORE INITIAL ADDRESS 

3 IN BFPO. SUBSEQUENT VALUES MAY BE 

3 ‘ PICKED UP BY A CALL TO STO. 



005100 


.LOC 

5100 

05100 

010427 

STD. 

I S2 

BFCT 

05101 

000402 


JMP 

.+2 

05102 

000404 


JMP 

STD2 

05103 

010425 


IS2 

BFPT 

05104 

042424 

STD 1 : 

STA@ 

0,BFPT 

05105 

001400 


JMP 

0*3 

05106 

030423 

STD2: 

LDA 

2* BFST 

05107 

050421 


STA 

2* BFPT 

051 10 

03041 6 


LDA 

2* SMI 10 

051 1 1 

05041 6 


STA 

2*BFCT 

05112 

000772 


JMP 

STD1 

05113 

02241 1 

STO: 

LDA© 

0*BFPO 

051 14 

010410 


ISZ 

BFPO 

05115 

033407 


LDA 

2* BFPO 

051 1 6 

024407 


LDA 

1 *BPEND 

051 1 7 

1 32423 


SUBZ 

1*2*SNC 

05120 

001 400 


JMP 

0*3 

05121 

024410 


LDA 

1 * BFST 

05122 

044402 


STA 

1 * BFPO 

05123 

001 400 


JMP 

0*3 

05124 

005133 

BFPO: 

BUFF 


05125 

005333 

BPEND: 

BEND 


05126 

1 77600 

SMI 10: 

-200 


05127 

1 77600 

BFCT : 

-200 


051 30 

005132 

bfpt: 

BUFF-1 


05131 

005133 

bfst: 

BUFF 


051 32 

000000 


0 

3 PLAY S 


000200 

buff: 

. BLK 

200 

05333 

000000 

bend: 

0 



END 



006000 


S 

i LONG LINE INTERRUPT RESPONSE CODE 

s 

3HS HSHS SUSS Si Si SSSSSiSiSiHiS MS i S3 SSSS 
■ .LOC 6000 


THIS IS INTERRUPT RESPONSE CODE FOR DEVICE 
THE ROUTINE INPUTS THE DATA FROM DEVICE 37, 



000010 


.ELK 

1 0 


06010 

177777 


-1 



0 60 11 

060437 

LLINE: 

DIA 

0,37 

S INPUT 8 BITS OF LONG LINE 

0 601 2 

100000 


COM 

0,0 

S COMPLM ENT INPUT 

0 601 3 

103120 


ADDjfL 

0,0 

5 MULT BY 4 

0 601 4 

103120 


ADDSL 

0,0 

S MULT BY 4 AGAIN 

0 60 1 5 

00641 1 


JSR@ 

STDA 

3 STR CODED LINE IN CIRC BUF 

0 601 6 

022411 


LDAG 

0,BFPT 


06017 

042411 


STAG 

0, BFPO 


0602O 

G424 1 1 


STAG 

0,PTSV 


06021 

102520 


SUBZL 

0,0 

;SET NEW SAMP FLAG 

06022 

042410 


STAG 

0, PNSF 


06023 

102400 


SUB 

0,0 


06024 

00240 1 


JMP@ 

IRNSP 

i RETURN TO EXEC 

0 602 5 

001533 

IRNSP: 

1533 



06026 

005100 

STDA! 

5100 



0 6027 

005130 

BFPT: 

5130 



06030 

005124 

BFPOi 

5124 



06031 

0 0 640 1 

PTSV: 

6401 


V 

06032 

006400 

PNSFJ 

6400 






.END 





06100 


061 1 1 

061 12 
061 13 
0 61 14 
06115 
061 1 6 
06117 
06120 
06121 
06122 

06123 

06124 

06125 


isiiititiisitiiifiiiiiiiiiisiiiiiiistiiiii} 

i 



S 

« 

INPUT 

NEW DELTA 

V 


* 

******* 

****** 

Siiiiiiiiii 

siiiiiiiiiiiiiinsy 

0061 00 


.LOC 

6100 


001533 

irnsp: 

1533 

;INT RESPONSE CODE RETURN ADDRESS 


y 

THIS 

ROUTINE INPUTS A NEW DELTA V FROM 


m 

* 

DEVICE 33* FORMATS IT, STORES IT IN THE 


• 

* 

CIRCULAR BUFFER, 

AND SCHEDULES THE PRIMITIVE 


; 

PROCESSOR IF IT 

IS TIME. EACH DATA INPUT 

000010 


• BLK 

10 

* 

177777 


-1 



G60533 

A 2 1 RC : 

DIAS 

0,33 

} INPUT DELTA V FROM 33 

060333 


N I OP 

33 

;FLIP SWITCH FIRST TIME 

00641 1 ' 


J$R€> 

■ STDA 

i GO STORE SAMP IN BUFF 

006002 


JSRO 

2 

i REQUEST PRIM 

000000 


0 


; REQUEST PROGRAM 

000003 


3 


5 PRIM RANK IN TABLE 

006124 


A£ER 


; ERROR RETURN ADDRESS 

000000 


0 


;NO COMMUNICATIONS 

1 02400 


SUB 

0,0 


002755 


JMP© 

IRNSP 


0 630 77 

AEER: 

HALT 



035100 

STDA; 

5130 





.END 





PR I i-i I f t YE PROCESS OR 



007009 

• LOG 

7090 


0000 1 O 

« BLX 

10 

07310 

1777/7 

“ 1 


O/Ol 1 

916434 

PH I i v l 5 DSS? 

PNSF 

07012 

000433 

Jrtp 

PRT ! 

3/ 01 3 

0)6433 

P R 2 9 : JSR ? 

S TR 

■0/0 1 A 

024433 

LDA 

1 * C 3 7 7 

070 1 5 

1 23 400 

AND 

1 J 0 

9 / j 1 6 

024432 

LDA 

1 * RR 1 

0 7 0 1 7 

1 23000 

ADD 

1*0 

0/920 

•J4243 1 

STAB 

3* R f 

07 0 21 

102400 

So 3 

0* 0 

3702:2 

O 4 O 43 3 

STA 

9* PREXC 

J / 0 2J 

J 40 433 

STA 

0* PL AMP 

970 24 

040433 

STA 

0* NGAMP 

07)2 j 

042433 

ST A3 

0* FL i'C 

0/0 26 

042424 

STA'I 

0* SMP 

0 / 0 2 7 

0 4 24-24 

STA? 

9* ARE 

3 703 0 

9424 1 4 

S TAi? 

3* MXS 

07.) 31 

1 02 520 

SJ36L 

0*0 

07032 

942432 

STA? 

0* D f C 

07333 

940421 

STA 

0* FSF 

07034 

906553 

JSR? 

PINP 

07035 

105999 

MOY 

3* 1 

07 036 

039552 

LDA 

2* 3 CL 

07 037 

906003 

JSR:? 

3 

07040 

046423 

STA? 

1 * N AM 

07O41 

02042 1 

PR22; LDA 

0* Cl 909 

07042 

949417 

STA 

3* ART 

0 7043 

002559 

JMP? 

• RET 

0 7 044 

907225 

nXS : rtXSLP 


0/O45 

906400 

PNSF : 6403 


07 0 4 6 

99511 3 

3 TR : d 1 1 3 


0 7047 

00 7 7 7 7 

C 3 7 7 : 7 7 7 / 


0 7 0 5 O 

000093 

RR1 JO 


07 051 

907:223 

RTJRTOR 


07052 

907220 

SMP : SrtpMX 


07053 

007:222 

ARE: AREA 


07 054 

990090 

FSF J 0 }Fl:iSr 

SAMPLE FI 

07055 

999990 

PREXC : 9 


0 7 0 5 6 

990090 

PLAmP : 9 


O 7 0 5 7 

90 ) 9 9 9 

NGAi'ipJO • 


O 7060 

09/343 

FLFCjFLTCT 


O 7 061 

909090 

AR T J 0 i A R f I FAC f C J JN Tc 

07 I6 > 

099620 

Cl 009 : 4 '19. 


0/063 

997226 

NAi v i J NAMP 


9 7 O 6 4 

9 17 2 3) 

0 TC J D TC T 


37065 

0 1 47 IA 

PRIlr DSR 

AR r 

0 7 '-166 

9i 9402 

JMP 

• + 

0/06 / 

0*00525 

JMP 

CHAOS 

0/070 

0 3 6 3 1 7 

JSR? 

PI 

0707 1 

92030 1 

LDA 

0 > 1 

0 / 07 2 

9267 52 

LDA 3 

1 j A A S 

07 0 73 

101112 

i*jO 7 L k' 

. J i \ j j :J .'i U 

0/0/4 

10 540 0 

NEG 

■J* '/} 

0 / J / 5 

12 1 0 3 3 

ADCR.y 

SAG 

07)7 6 

0:1 ) 4 3 2 

JMP 

P <23 


5 DEC PRIME N £ W SAMP FLAG 

sGEf LONG LINE 
5 MASK OFF TOP fl I f S 

••get i of pr jf ;?-h 

» ADD TO LONG LINE 


7 EERO EX I’iiErlA COUNT 


* MAX AMP FOR GAMP 


• GET FIRST 33 INPUT 

5 MULT BY SCALE FACT 
1MPY 

5 SET BASE AMP 
i SET FOR ARTEC f R.JCT 


J CHECK FOR ARfFCT 


:GET INpJi’ AND ADJUST 



07-37 / 

9427 4:5 


5 i'A* 

0W'iX3 


07 1 03 

0 14 754 

PP23: 

03s 

r 3F 


37 1 0 l 

?)AAAA3 


JMP 

P22S 


0 7 1 02 

32 ;3 525 


LOA 



37 1 33 

340507 


5 FA 

0 j Fv/i i 


07 1 04 

! J 20^06 

PR?5: 

LOA 

A 3 £i v il 


37 1 05 

026501 


LOA'* 

1 , MDA 


3 7 1 36 

1 £J 6 4 0 A 


SU3 

0 , 1 


37 137 

1 526 20 


6 J 3 £ R 

2, 2 


371 10 

1 33430 


AiNiO 

1*2 


37 1 1 1 

1 25220 


MOV 02 

l, 1 


'1 7 1 l 0 

i 47 J00 


ADi3 

2, 1 


37 1 13 

332473 


LOA? . 

2* MO. A 


07 1 1 4 

1 47003 


ADO 

2, 1 


07 1 1 o 

444475 


3 i'A 

1 > £M 1 


37 1 16 

04451 1 


3 FA 

1 * MDAMp 


07 1 17 

'J;205vi7 


LOA 

3*2 AMP 

; G£ r i 

07 1 23 

1 0 7003 


A DO 

0, 1 

;G£f i 

37 121 

044505 


S f A 

1 > 2 AMP 

i 3A \j£ 

(37122 

1251 12 


/iCW 

1 , 1 > 30C 

i iolT ; 

37 123 

1 24403 


MEG 

: , i 


07 1 24 

044465 


3 FA 

1 , A 02 Mp 


37 126 

1 3 1 000 


MOV 

1 >2 


0 7126 

023474 


LDA 

a# A PEA 

ICALC 

37127 

Id 1223 


fOO ^ 

2,2 


07130 

1 5 1 220 



2,2 


37 131 

151223 


MOv/22 

2*2 


37132 

1 43033 


AOO 

2,0 

i 01 V ! 

07133 

040467 


3 FA 

0, A PEA 


3/134 

320472 


LOA 


;G£f / 

37135 

1 3 1112 


M0VL# 

g, 0 ,s:-:c 


07 136 

0:03406 


JMP 

P2I5 

;G0 p: 

37137 

0247 1 7 


LOA 

1 , PL Ai’iP 

JGEF i 

37 1 40 

122033 


A0C2# 

1,0, SMC 


07 141 

000410 


JMP 

Pi? I 7 


07 1 4 2 

3437 1 4 


3 FA 

0, PL AMP 


07 143 

330406 


JMP 

PP I 7 


07 144 

130403 

PPId: 

MEG 

■3, 0 

; COMP 

37 1 45 

0247 1 > 


LOA 

1 , MG AMP 


■07 1 46 

122333 


AOC0# 

1,3, 5MC 


07147 

30 34*02 


•JviP 

PP I 7 


07 1 63 

043 / 37 


5 FA 

3, MGAMP 


07 151 

323705 

P.2 17 : 

LOA 

3, PL AMP 


0/132 

324/35 


LOA 

1 , MG AMP 


07 1 5 3 

1 2 3333 


A OCi¥ 

1 , 3 , 3MC 


07 154 

• 10043 d 


JMP 

P.2 1 A 


3 7155 

040443 


3 FA 

3, P MX 


07 1 56 

344446 


3 FA 

1 , M3 MM 


37157 

1353 10 


M J V 

*0, 1 


0 7 1 60 

•030433 


• Ji'iP 

PPI 1 1 


37 161 

34443 7 

P21 3: 

3 1 A 

1 , Si'iPMX 


07 162 

•04.1442 


3 FA 

3 , M 3M X 


07 1 63 

1 25223 

P2 11 1 : 

M 0 V 6 it 

1 , 1 


37 1 64 

1 »d2 20 


*-i J V2.-» 

1, 1 


0/165 

125223 


fiOV 02 

1,1 


0 / 1 66 

34444 / 


3 FA 

1 , r'LAFl 


U 7 1 6 7 

l 2d223 


: 'l J V .2 

1 , 1 


3 7 1 7 J 

'14444/ 


5 FA 

1 , EM 5LP 


0/171 

32-14 36 

P.2 1 6 : 

LOA 

0, MO AMP 


07 1 7 2 

324444 


LOA 

1 , JLOAM 



MEW AMP 


AR3 VALUE JF ME.v AMP 


BY B AMO BOO 


AMP 


AMP 




•37 1 73 
07 174 
07 1 75 
0 7 17 6 
.37 17 7 
97 2J> 
•0 7 20 1 
0 7202 
07 20 3 
0 7 204 
0 7 20o 
0/206 
0 7 207 
0721 3 
07211 
0 7 2 1 2 

07213 

07214 
0 7 2 1 5 
372 16 
07217 
07 220 
07 221 
07 222 
3 7 223 
37224 
372.20 
07:2:26 
37 2 17 
37233 
'J7 231 
37 232 

37233 

37234 
07 235 
3/236 
07 23 / 
•07243 
37 241 
9 7 242 
37 243 
07244 
07 245 
0 7 246 

37 247 
37 200 
U7 2o 1 
9 7 25 2 
07:2o 3 
072 54 
37 3oo 
3 7 2 06 
3 72 0 / 
0/269 
97361 
07 26 2 
0 7 263 
9 7 3 6 4 
•1 / 3 o 5 


1 53620 


SOB 2.2 

9> 2 sser sign ro neg 

1 4 3490 


AiMO 

2*0 3 K££P Only SIGN 

>4044 1 


Sl'A 

9* JLOAM 

1)7 1 13 

• 

AOOL* 

:)t 1 » SNC 

90 3459 


Jrip 

P 2 F 2 A ? ri 0 1 20 r £ X r,2 £ri J ri 

9 1 ) 6 o o 


IS = 

PXEXC 5 Y£Sj SO 19 EXT 2 CAT 

3 23654 


LD4 

•At P.XEXC J COrip £X i" MAX + EX CAT 

••124439 


LOA 

1 > £XriX 

122333 



1 * 9 j SNC 

039443 


JWP 

PRlXA JivITKIA LIMITS SO JUMP 

•00943 / 


Jrip 

CHAOS ; TOO MANY £X T.XEriA 

097227 


rip 


9 9 735 3 

PIrip:PIri 


090930 

5 CL : 29 

;SCAL£ 

FAC TOP 

9 9 0900 

ABNMP : 9 



90 J'. ;H 0 

£ri 1 : 9 



097346 

2 £ T : 2 £ T 

2 


329531 

CHAOi: 

LOA 

At C2 

004519 


Jo 3 

POIS 

932401 


JMP9 

CHC 

99 7 40 7 

CHCiCHC 

HK 


9 >3'10iJ 

SmPMX : 3 



000309 

.vIOiH: 

9 


300 999 ' 

A:<£ 

0 


•399 990 

2 TJX : 9 

:X io 2 

0 1 S f 4NCE 

309993 

05riX : 3 

> N£G SA 

rip ri A X Ai'iP 

9 00033 

riX5LP : o 



3 >0090 

namp : ,3 



>00999 

NO AMP : 

0 

»; it, 0£LTA A rip 

3 9 j 3 0 3 

OTOT: 

3 

S .v 1 0 iH IN COUNTS 

990 1 L 3 

5 i' 0 : 51 1 3J PICKUP 

ADOXSSS 

<190 l 44 

£XriX : 1 9 

0 • J ri A X EXf.XEMA CJUrif , 

177490 

C 1 7 749: 

1 7 7 4 JJ 


99 5124 

ilr P 0:5124 


099000 

F L A T 1 : 0 



900000 

JLOAM: 

0 

JOLO AMP 

9093 1 3 

£.\iOLP: 

1 0 

5 ri I X 3LP 

90/955 

P:2£X : PX 

£XC 


000369 

I MASK : 

369 

JNOv A I. 'IT .MASK 

991390 

C 1 09 : 1 900 

> PXEPXOC MASK 

1 76777 

ON 1 99 : 1 / 6 / 7 / 

JNOf PXE MASK 

069337 

i<£6 i : 

n I OP 

37 

>601 33 


2 1 OS 

33 

3 03590 


JAP 

•;£T 2 

924769 


LOA 

l»NOArip jriJ.KriAL N JJ T £ 

12 51 1 2 


ri Jv/L# 

It 1 t S 1C 

1 24499 


n£G 

1 > 1 

020/65 


LOA 

9 1 1 iN 5 LP 

1 96933 


AOC 6 r 

0# 1 j SnC J BASELINE AviAT M? 

9994 j6 


J rip 

Pa 1 ^ 

9 29 4 o 6 

k.nj^a: 

LOA 

•At r’L TC T 

1 9 1'IJo 


ri J V 

At ', 3» 5 2.7 

>14464 


OS .6 

r L T C T 

0994 >1 


J.'iP 

• + 1 

•1 ) ') 4 6 5 


J 

•;£l'N 5 3 £ f N £ X T 5 4mP 

■> 1 9 461 

H.n 4s 

IS- 

r’L l’C 1’ 5 1 NO FLAT COT 

■12 >46') 


LOA 

At FL TCT 

.>24 46 0 


LOA 

1 1 F L v/ A 

1 22433 


S J B 7 

It >>5 7C » 5 < I P TF LN 15 FLAT 


5 < I P TF LiVl To FLAT 



'.4 7 >26 6 0 30 460 


J4P 

2 £ i N JNO* S3 66 f OJ26 

0/267 324/41 

P2I 12: 

LOA 

1*0T0T 

372 7 >3 044731 


5 i'A 

1 * .v I D i'H 

9/2/1 346 53 3 

, 

3 f A? 

1*2.3 IP 

07-27:2 323534 


LOA 

0 * .;i’i I 0 

07273 106333 


.4002 v 

; id* 1 * ON 0 

0 7 2 7 4 J,} 047 3 


J3P 

P324 

07 275 .) Jo.nj2 

07276 000000 


35.23 

3 

2 i 2£0J £3 r CYCLIC 

0727 / 333 305 
07303 30735 ) 
■07301 0 33300 


5 

P.2 £.2 
0 


07332 030476 


LOA 

2* SiOPP 

07303 334474 


LOA 

3* C 3F 

07 3)4 021003 


LOA 

3* 3* 2 

07 305 ') 4 1 4 •) 3 


5 f \ 

0* 3* 3 

0 73M 6 (121 30 1 


LOA 

• J* 1 * 2 

073)7 341401 


3 i'A 

0*1*3 

07310 0 21 :) J 2 


LOA 

••'* 2* '2 

0/311 041 402 


5 T A 

0* 2* 3 

07 31 2 3 21 “i 03 


LOA 

3*3*2 

■0/313 041403 


o i'A 

3*3*3 

•07314 02 10 04 


LOA 

. 3* 4* 2 

07315 041404 


5 1 A 

■ 3 * 4 * 3 

07316 021005 


LOA 

9* 5* 2 

07317 041405 


3 i’ A 

0* 5* 3 

07320 010521 

1 

1 5?i 

OATF il.MO STS A l' i'H 1 5 FACTj 

0/321 000401 


J.4P 

. + 1 » PLA Y SAFE 

07322 300722 


OOP 

2 £3 f 

0/323 0630/7 

PE.22: 

HAL i } 

£2200 

37324 00077/ 


J OP 

♦ - 1 

0/325 054415 

POIS * 

5 I'A 

3* PSV3 J 01 SPLAY 2£Q J£Sf 

37326 340423 


5 i'A 

9* P2C0M 

37327 120411 


LOA 

3* PC2P 

37330 042411 


51' A 3 

9* CiJP 

37331 006002 
07 332 JO >01) 


3525 

3 

2 i 2£QJ£3r DISPLAY 

37333 J30006 
07334 30735 J 


6 

P.2 £2 


3/335 000030 


0 

- 

07 336 >00 2404 


3OP0 

p ;v.3 

07 33/ Or/22 7 

: »vi) A« v iP 


07 34 i 007 351 


iCJSi 


07 341 010)11 

C:'iP: 1 331 l 


•37342 000003 

PSv 3 : 3 

t 6 A V £ 

2ETJ2N 

■0 /343 03 1000 

F L i C i" : 

0 

* GJNSE0-J T W£ FLAT OOJN i'S 

07344 OOOIOJ 

r LY A : 

1 

LsiJ OF CONS FLAl'S i'O HE FLAT 

•07 345 ■: . j 002 

02: 

o 


0/346 30630:2 

26 13 : 

352 7 

o 

0/34/ 000-106 


6 

;oiscJw:v£cr phine 

•07353 06 30/7 

P2E.3: 

HAL i’ 

;0n £2232 261322 

373 j1 -330300 

P2C03: 

0 


0 7 3 52 33 )333 


•0 

l PA 5 6 AND PAl’I ENT NO 

*,J 7 3 5 3 • *3 547 6 7 

P TO: 

5 i' A 

3 * P 5 v 3 5 u £ T INP AND tf.ASK ON S 

•07 354 11 .(654 


l 3 * 

OTC f 

37 355 ) - J 6 6 5 4 


3 5 2 2 

5 i'O }\jf£i Si'026 5A3 p I N AC0 

37 3 56 1 j24 


5u 3 

2* 2 5 P26P TO X l NO SION 

17 35 / 1313-30 


r-i Jv o 

9* 0 

37363 1 266-23 


5 J 222 

1*1 5 SET SIGN HIT HI 

3/361 1 231 1 2 


AO OL 7 

1* 0* 5PC 



0/ 362 

>3 Jo3 1 

LOA 

3* Cl 77 44 

i-J 7 3 6 3 

1 33 304 

A u 4 5 

1 j ‘0 

07364 

1 434 44 

AJJ 

if 0 

3 7 365 

443733 

31' A Q 

5* *ADFi 1 3A7£ 1 3pJ i - 

07366 

44 37 d 4 

JWPO 

P 37 3 5 5E 14 ,33 

37367 

033446 

4434: L D A ? 

0>3i'3P 

37 373 

1 3 344 1 

A 04 

1 >0 

0737 1 

045403 

3 f A'3 

0*i?HIP 

073 7 3 

043441 

J.-iP 

2£3 

073 73 

447 344 

2£3tH£3f 


•37 374 

447430 

H.HIPs.Xri 1 

< 

37 37 3 

407333 

5 r.<3 : .3 r.j.4 


3 7 376 

044434 

vi M I * : 34 • 

J 4 1 * ! itJO ,-iIOi'H 

•37 3/7 

^147 401 

C3F : CYHF 


0 7 400 

407330 

3MPP : .inPi-iX 



•4 4 4 4 4 6 

CYHF: . 3 L < 

6 

07 407 

414437 

CHCHK : 034 

•5 4 4 f i L £ A 13* * £ :i 3 C A L 

07410 

443763 

J//P5 

.3 £3 

37 41 1 

.1344 34 

LOA 

4 f CHOC 

37 4 1 3 

"144434 

5 i'A 

0 * C H C i' 

0 7 4 1 3 

034436 

LOA 

•0*3Ai'F 

0 7 4 1 4. 

434436 

LDA 

1 * 3A0F 

v'J 7 413 

* 3 4 56 

LOA 

. 3 4 1030 

3 7416 

1 53433 

3 J d 4 ft 

• 1 1 : .Jf 3 I'J C 

3/41 / 

1 34440 

iVcI'3 

3* 5 

07 4 >0 

.130 433 

CHC3: 3 f A 

3* I 030 

•0 7 431 

43 6 43 6 

LOA 1 ? 

i*sc 

37 433 

1 47 044 

AO0 

if l 

07 433 

133444 

407 

1 j 1*3-3 

3 7 434 

•04 (443 

JMP 

CHC1 

0 7 433 

1 55334 

3J33L 

3*2 

37 436 

000 7 73 

J4P 

CHC3 

07 437 

43441 5 

C4C 1 : LOA 

2* 3 COX 

37430 

1 46433 

3433# 

3* 1* 3*C 

37 431 

444443 

JMP 

CHC2 

07 433 

1 3345 4 

AOC 

3*2 

37433 

443763 

•JMP 

OH Z 4 

07 434 

446413 

CHC5: 3 i'A 0 

1 * 54 

0/433 

444443 

3 f A 

0* JAJF 

37 436 

1 43440 

303 

■J* 0 

07 437 

44544:4 

3 i'A 

4* 3 A if 

•0/440 

443/33 

■J.'-.PO 

3£S 

47 44 1 

•J") 144:1 

OAi'r't 0 J 5 £ A i‘ 3 

Al i’HI3 FAC i' 0.2 

•J7443 

•44 1444 

3A0K : 4 > 4 4.-1 14 

Ai' OLO FACi'Op 

0 7 443 

;■ 0 j 3 0 1 

U.;0:l ;i J.i - 

1 

47 444 

44 1434 

3Ci"/[:34 1 .4 AX oC.ALL FAGfJ.H 7 ALOE 

•J 7 4 43 

14 1143 

CHOC: 3 JCPAi’Jt 

4 COO* r '.’(AX 

3« 7 446 

i 4 ••!4J 5 

CM4i':3 i CHAO HO £PI300£ COO* I'E.H 

0 7 4 4 / 

.14 / 3 1 0 

3C : 3CL 

. £30 



loS 



DISPLAY PACKAGE 




j S j 2 J J 


jjjjjjjjjjjjjjiij;; 



m 

J 

0 DP IS 

THE MASTER DISPLAY PROGRAM. 



J 

IT PICKS UP ITEMS FROM THE LASTED DISPLAY 



j 

TABLE AND SO ITCHES CONTROL TO THE PROPER 



J 

FORMATTING SUBROUTINE. UPON PICKING LP 



» 

J 

A EERO 

IT RECUESTS OUTPUT OF THE BUFFER 



♦ 

J 

TO THE 

DISPLAY DEVICE. 



« 

J 

INPUTS 

ARE THE PAGE DESIRED AND PATIENT 



* 

J 

NUMBER* 

BOTH STARTING AT 6. 


C 1 DO DC 


• LOC 

1060 S 


000010 


. BLK 

10 

ILL. 10 

1 77777 


*1 


1LC1 1 

CD 00 00 

Civ: 

0 

J COMMON I CA T I ON COR'D 

1 CL 1 £ 

004406 

OOP: 

JEK 

DPI J GET INPUTS 

1 Of.: 1 3 

DC 443 C 


JSh 

DCR J CONSTRUCT BUFFER 

ILL 1 4 

DC 443 7 


JSR 

DOR J OUTPUT BUFFER 

1 DO 1 5 

006202 

REIN: 

JSR6 

2 J Ci n PROGRAM 

1 DC 1 6 

600006 


6 


1 CD 1 7 

6 6 3077 


HALT 

J ERROR RETURN 



ft 

7 

DISPLAY 

ROUTINE INITIALISATION - DPI 

10620 

03C7 71 

DPI : 

LCA 

2 j Civ J COMM POINTER 

10L21 

021 CCD 


LDA 

£jV, 2 

ILL 22 

04041 7 


STA 

0* PA GE J PAGE NUMEER 

ICC 23 

02 1001 


LDA 

6# 1*2 

ILL 24 

0 40 41 6 


STA 

6 > PA T J P A T I EN T N UM E E R 

16625 

020 41 4 


LDA 

0* PAGE 

1 6 0 2 6 

101112 


MOVL# 

0 > 0 > SB C 

1 0 £ 2 7 

DOC 7 66 


JMP 

RE'i N 

1 CD 3D 

024410 


LDA 

1 » MXPG 

1 DC 31 

1 £6033 


A DCS A 

G* 1 > SN C 

1C £32 

0 O £763 


JMP 

Kt.TN 

1 DC 33 

030470 


LDA 

2>PG J GET PTR TO PAGE INFO 

10034 

3 13CDD 


ADD 

0j 2 

1 £ 0 3 5 

C3106G 


. LDA 

2*0* 2 

ICO 3 6 

0 50454 


STA 

2 > F D T P J SAVIN FORM DTA FTP 

1 60 3 7 

CGI 4C0 


JKP 

0>»3 J RETURN 

1 U 40 

DC COO 6 

KXPC: 

6J MAX PAGE NO PLUS 1 

1 Li 4l 

006000 

PAGE: 

0 


1 00 42 

DOG COD 

PAT: 

0 

J PAT I ENT NUMBER 



> 

J 

CONSTRUCT DISPLAY BUFFER - DCR 

ILL. 43 

0 5440 7 

J 

DCR: 

STA' 

3* SPIN J SAVE RETURN 

101,44 

0 36446 

DCInL: 

L DA 0 

3# FDTP 

1 £ 0 4 S 

C 1 0445 


I 52 

FDTP J ADVANCE POINTER 

ILL 46 

1 7 5f.H; 5 


MOV 

3> 3* SNR J CHECK FOR END 

ICC 47 

G 02 40 3 


JMPG 

SPIN J RETURN 

ICO 50 

DO 5400 


J SR 

0*3 J GOTO PRuC. ROUT 

10fr. 51 

000773 


JMP 

DCRL J GET NEXT ROUT ADD 

100 52 

ooocoo 

SRTN: 

0 

J SALE RETURN ADDRESS 


DISPLAY OUTPUT BUFFER ROUTINE 


DOS 


ILL S3 654777 DuK: 
100 54 02044C 
I 0 0 55 b 4L a *3 


STA 
L LA 
SIA 


3* SPIN 
O > 0 DC 1 
0* OCT 1 


JIM I COUNTERS 



10056 020475 


LDA 

0j EFP 

10057 040440 


STA 

e*OECT 

10O60 020435 


LDA 

0jODC2 

10O61 040440 


STA 

0,OCT2 

10062 020434 


LDA 

0>C80 . 

1GE63 £40437 


STA 

0j OCT 3 

10064 060270 


NIOC 

70 

1 £0 65 0601 70 


NIOS 

70 

10066 030465 


LDA 

2jBFF JSET FOP ERROR CHECK 

100 67 0 60277 


INTDS 


10076 022427 

DIRA: 

LDAG 

OjOBCT jget CHAR 

10071 O61S70 


DOA 

0/70 i OUTPUT CHAR 

100 72 Cl 0425 


ISE 

OECT jbump ftp 

10073 £14427 


DSS 

0CT3 J 80 COUNTER 

10G74 000774 


JMF 

DIRA i Hi OPE 

10075 020 42 3 


LDA 

0.* OCT 1 i CALC NEfc LINE STRT 

ICG 76 02 4420 


LDA 

1 * C6G 

10C77 122400 


SUB 

1*0 

10100 142433 


SUBc* 

2» 0* SNC i SKIP IF OK 

10101 063077 


HALT 

i ERROR HALT 

10102 040415 


STA 

0*OECT 

10103 040415 


STA 

G » 0 C T 1 

10104 044416 


STA 

1 * 0CT3 JRSET 80 CTR 

10105 01441 4 


DSE 

0CT2 } DEC LINE CTR 

16106 000762 


JMP 

DIRA iNORE 

10107 060276 


NIOC 

76 i CLEAR DISP 

10110 660177 


IN TEN 


10111 002741 


jNPe 

SRTN i RETN 

10112 600000 

FDTP : 

e 

i FORMAT DATA POINTER 

10113 063077 

DERR: 

hALT 

i CLOCK ERROR RET 

10114 013046 

ODCi : 

BUFF* 1 280 • 

101 15 600020 

0DC2: 

1 6. 

JNUM OF LINES 

10116 000120 

CS0: 

86. 


10117 000000 

OBCT: 

G 

i ONT ERS 

10120 000000 

OCT 1 : 

C 


10121 000000 

0CT2 : 

0 


10122 066000 

0CT3: . 

0 


10123 £16124 

FG: 

m 

> 

PGTF 



i DATA 

TABLES 


10124 210132 

FGTP : 

PG0 

J PAGE 6 DISP INFO 

16125 013646 


PG1 

iPAGE 1 

16126 61305/ 


PG2 

iPAGE 2 

16127 0 1 30 5b 


PG3 

;fage 3 

10136 013067 


PG4 

i FULL CYC DISP 

10131 013062 


FG5 

;fvc 

16132 6 10141 

PG6: 

CLBF 

i CLEAR BUFFER 

10133 010173 


OCTD 

i OCTAL DISPLAY 

10134 006002 


2 

i FIRST POSITION IN BUFF 

10135 006200 


200 

i N UN B OF NUMBS 

10136 GO 5 133 


5133 

i STARTING ADD OF DATA 

10137 060664 

■ 

4 

; SPACES BETWEEN NUKES 

16146 060000 

ft 

6 

; DISPLAY IT 


9 

% 

j 

* 

CLE:F 

INITIALISES THE BUFF TO SPACES 

10141 030412 

9 

CLBF: 

LDA 

2 * BFF JBUFF ptr 

10142 024407 


LDA 

1 > Cl 280 

10143 620467 


LDA 

0* CBLNK 



1G1 44 

041000 

CLLP: 

STA 

0*0*2 i STORE SPACE 

1G14 5 

1 51400 


INC 

2*2 JINC BUFF FTR 

1 G 1 4 6 

125404 


INC 

1* 1*S2R JINC CTR 

10147 

000775 


JMP 

CLLP 

1 0 1 56 

00 1400 


JMP 

0*3 J RETURN 

10151 

17 5400 

C1280: 

-1280. 


10152 

1 7 7740 

CBLNKs 

1 77740 


10153 

010446 

BFP: 

BUFF 



i 


3 OCTAL DISPLAY - OCTD 

1 


i CALLING SEQUENCE: 

i OCTD 

* A i A IS 1ST POSITION IN 1280. fcOFD BUFF 

i IN KKICH TO STORE FORMED DATA 

3 B JB IS NO OF LORDS TO BE FORMATTED 

3 c JC IS ADDRESS OF DATA 

3 D iD IS NO OF SPACES BET-KEEN OCT NOS 

; 


J 


10154 

022736 

ODEC: 

LDA© 

0* FDTP 

10155 

024776 


LDA 

T* BFP 

10156 

123C60 


ADD 

1*0 

10157 

040464 


STA 

0* OCP 

1E1 60 

G 1 0732 


I Sc 

FDTP 

10161 

022731 


LDA© 

0* FDTP 

10162 

040457 


STA 

0* ONMiB 

1G163 

016727 


ISE 

FDTP 

10164 

022726 


LDA© 

0* FDTP 

1G165 

040453 


STA 

. 0* ODAD 

10166 

010724 


I Sc 

FDTP 

10167 

022723 


LDA© 

0* FDTP 

101 70 

640452 


STA 

0* OSBN 

10171 

010721 


ISE 

FDTP 

101 72 

001400 


JMP 

0* 3 

10173 

054444 

OCTD: 

STA 

3* ORTN 

10174 

004760 


J SR 

ODEC 



J CONVERT ONE 

NUMBER AND 

10175 

02G446 

GMCL: 

LDA 

g*ocf 

16176 

024450 


LDA 

1 * C6 

1C1 77 

123000 


ADD 

1*0 

1 02O0 

040 4 A3 


STA 

C* OCF 

102O1 

022437 


LDA 6 

0 * 0 DA D 

16262 

030443 


LDA 

2* CM 6 - 

1 6203 

606404 


JMP 

OCFL 

10 204 

1 6 1 226 

OCLP: 

MOVER 

0*0 

1020 5 

1 6 1 220 


MOVER 

0* 0 

1 G20 6 

101226 


MOVER 

0*0 

10207 

040435 

OCFL: 

STA 

g*oshv 

10216 

624437 


LDA 

1 * C 7 

10211 

123400 


AND 

1*0 

1021 2 

024436 


LDA 

1 * C60 

10213 

1 23600 


ADD 

1*6 

10214 

634436 


LDA 

3* CGFF 

16215 

026426 


LDA© 

1*0CP 

1021 6 

1 6 7400 


AND 

3* 1 

16217 

1 23060 


ADD 

1*0 

10220 

042423 


STA© 

6* OCP 


i FIRST POSITION 


JNUMB OF NUMBS 

;data address 

i SPACE TKEEN NUMBS 


STORE 6 DIGITS 


i SHI FT RT 3 
JMASK OFF HI BITS 


* GET GRAPHIC INFO 




10221 

0 1 4422 


D££ 

OCP 

10222 

£26422 


LDA 

G* OSH V 

10223 

151404 


INC 

2* 2* SE R 

1 0224 

0007 60 


JMP 

OCLP 

10225 

S 2041 6 


LDA 

0*OCF 

10226 

02441 4 


LDA 

1* QSBN 

16227 

123006 


ADD 

1 j 0 

10233 

02441 6 


LDA 

1 * C6 

10231 

123366 


ADD 

1,C 

10232 

6 40 41 1 


STA 

G# OCP 

10233 

010405 


ISS 

ODAD 

16234 

£ 1 440 5 


DSE 

ON MB 

10235 

003740 


JMP 

OMCL 

10236 

602401 


JMP© 

ORTN 

16237 

660606 

ORTN: 6 

S RETURN 

ADDRESS 

10240 

060600 

ODAD; 0 

; INPUT 

DATA ADDRESS 

10241 

066066 

ON MB s G 

; NUMBER 

OF NUMBERS TO DISPLAY 

162 42 

006006 

OSBNiO 

* SPACE 

BETWEEN NUMBERS 

10243 

660000 

OCR: 0 

JClUTBUF 

ADDRESS 

10244 

666000 

OSH V: 0 

iSAVE SHIFTED VALUE 

10245 

177772 

CM 6: 

-6 


10246 

0 SOSO 6 

C6: 

6 


10247 

000007 

C7: 

7 


10250 

060660 

C6G: 

66 


10251 

006077 

cm 

77 


16252 

1 7 7 700 

CGRP: 

• 

1 77700 

* MASK FOR GRAPH INFO 



3 

■ 

3 

ALFO 

STORES PACKED ASCII IN THE OUTEUFF 



• 

3 

CALLING 

SEQUENCE: 



J 

ALPO 




I 

A 

i START ADDRESS IN BUFF. 0-1279. 



a 

J 

B 

iTEXT DATA ADDRESS 



J 

• 

3 

C 

; WORD COUNT OF TEXT 

10253 

654764 

* 

J 

ALPO: 

STA 

3* ORTN i SAVE RETN ADD 

10254 

022636 


LDA© 

Ot FDTP i GET START ADD IN EUFF 

10255 

634676 


LDA 

3* BFr 

10256 

163060 


ADD 

3*0 

10257 

046434 


STA 

G*AL$T 

16260 

010632 


I SE 

FDTP 

10261 

032631 


LDA© 

2* FDTP ;GET DATA ADD 

10262 

61663S 


I SE 

FDTP 

16263 

636627 


LDA© 

3* FDTP ;GET WORD COUNT 

10264 

654426 


STA 

3* ALt. C 

10265 

016625 


I SE 

FDTP 

10266 

021600 

ALLP: 

LDA 

0*0*2 

10267 

004407 


JSR 

SSR * UNPAC AND STORE CHAR 

102 70 

1 6 1 366 


MO VS 

6*6 

10271 

004405 


J SR 

SSR } DO 2ND CHAR 

16272 

1 51 406 


INC 

2*2 

1 02 73 

0 1 441 7 


DSE 

AL ViC 

16274 

600772 


JMP 

ALLP . 

10275 

062742 


JMP© 

ORTN / 

102 76 

054413 

SSR: 

SI A 

3* SSR3 {/I 

10277 

624752 


LDA 

1 * C7 7 ^ 

1 6360 

1 23400 


AND 

1*6 

10301 

036^12 


LDAG 

3* ALST 

1 0302 

124066 


COM 

1* 1 



10 30 4 

1 1 7000 



ADD 

6* 3 


10305 

0 56 AO 6 



STAG 

3j ALST 


10306 

til GAG 5 



I Sc 

ALST 


10307 

G 2 1 DO0 



LDA 

0* G* 2 


10310 

GO 2 AO 1 



JMP© 

SSR3 


10311 

GG OOGG 

SSR3: 

0 




10 312 

000006 

ALlvC: 

G i 

WORD COUNT 


10313 

000000 

ALSTS 

) 

OS 

START ING 

ADDRESS 




i 

i 

• 


DECIMAL 

CONVERSION ROUTINE - DECD 


- 

■9 

• 

J 


CALLING 

SEOUENCE SAVE AS OCTD. 



• 

* 


LEADING 

ZEROES - 

ARE SUPPRESSED AND 



• 

> 

• 

J 


SIGN IS 

PUT BEFORE FIRST NON-0 DIGIT. 

1 0 3 1 A 

05A723 

i 

DECD: 


STA 

3*0RTN 

S SAVE RETURN 

1031 5 

G0A637 



JSR 

ODEC 

* GET P ARAMS 

10316 

610725 

DECS : 


I Sc 

OCR 


10317 

02&501 



LDA 

0* DCM 


10320 

0AGA77 



STA. 

0, DCT 


10321 

102520 



SUE3EL 

0*0 


10322 

0A0A7A 



STA 

.0*cSF 


10323 

020506 



LDA 

0* TENT 

* TEN S TAB EL POINTER 

1 0 3 2 A 

0 AO 50 6 



STA 

0* TNFT 


10325 

G22713 



LDA© 

6*0DAD 


10326 

02451 6 



LDA 

1 * CBLN 


1032 7 

101112 



MOVL# 

0*O* Sc C 

. 

10330 

624563 



LDA 

1*CMIN 


10331 

0 A 451 A 



S7 A 

1 * S I GN 


10332 

101112 



MOVL# 

0*0.. SEC 


10333 

1 00400 



NEG 

0* 0 

iNEGATE NEG VAL 

1 033 A 

040 500 



STA 

0* DX 


10335 

1 C2 AGO 

DEC 1 : 


SUB 

0*0 


10336 

040500 



SI A 

6* DJ 


10337 

026473 



LDAi 

1 * TNFT 

* GET NEXT POWER OF 16 

1 0346 

04 4475 



STA 

1* DK 

iSAVE IT IN DK 

1 0 3 A 1 

0 2 A A 7 A 

DEC2 : 


LDA 

1*DK 


16342 

020472 



LDA 

0* DX 


103 A3 

106033 



ADCS # 

G* 1* SNC 


10344 

000427 



JMP 

DEC 10 


1 0 3 A 5 

020471 



LDA 

0* DJ 


103 A 6 

101005 



MOV 

0 * 6 * SN R 


1 0 3 A 7 

000433 



JMP 

DEC9 


10350 

024700 

DEC6: 


LDA 

1 * C 60 


10351 

1 23000 



ADD 

1 * 0 


10352 

GG4412 

DECS: 


JSR 

DSTD 

S MASK ON GRF AND STORE 

10353 

0 10457 

DEC7: 


I Sc 

TNFT 

JPOINT TO NXT PR OF 10 

103 5 A 

010443 



I S= 

DCT 


10355 

000760 



JMP 

DEC 1 


1G3 56 

01 4440 



DSE 

ESF 

S CHECK IF VAL WAS LT 1 

103 57 

0GC442 



JMP 

DNXT 

* NO IT V.ASNT 

10 360 

0 1 4663 



DSE 

OCP 


K 361 

020667 



LDA 

0* C6C 

* STORE A FINAL 0 

10362 

004402 



JSE 

DSTD 

S STORE 0 IN BUFF 

10363 

000436 



JMP 

DNXT 


10364 

030666 

LSI D: 


LDA 

2* CGRF 


10365 

626656 



L LA 6 

1 * OCP 

* GE1 GRAPHIC DATA 

10366 

1 47406 



AND 

2* 1 



GET GRAPHIC DATA 


70 



13367 

1 23000 


ADD 

1*3 

1 3373 

■)42653 


Si 4? 

l S f 02£ F 1 0 I SH£D UJ2D 

1 33/1 

O 10652 


15 6 

OOP 

13373 

•001400 


JrtP 

0*3 

133/3 

010443 

0£C 1 0.: 

IS? 

DO 

1 3374 

1 2240 M 


3J3 

1*9 

1 33/5 

040437 


Si' A 

0* OX 

1 03/6 

314420 


OSS 

2SF 

1 337 7 

00.37 42 


JMP 

0£C2 

1 0433 

004410 


J32 

0323 

1 3431 

000740 


JMP 

D£C2 

13433 

1 52520 

D£C9: 

SJ B£L 

2*2 

1 3433 

02441 3 


LOA 

1 * 5SF 

1 0 4 34 

1 3241 4 


SUB# 

1*2*322 

1 3 433 

000/43 


JMP 

D£C6 

1 3436 

013635 


IS? 

OCP 

1 3 43/ 

003/44 


JMP 

0£C / 

1 3410 

354405 

050 5 : 

ST A 

3* S0S2 

1041 l 

01 4632 


OSS 

OCP 

1041 0 

020433 


LDA 

(3* S I G2 

1 0413 

•3047 51 


J3.X 

os ro 

1 3414 

03240 1 


JMP'J 

SOS 2 

10415 

0 00030 

5052: 0 

;2£T AO 3 

10416 

000 100 

SSF:9 

f ££.20 

SUPP2£SS FLAG 

10 41/ 

.000000 

OCT: 

0 

• ;C0J2TE2 

10423 

17 7773 

OCrt: 

-5 


13421 

023622 

O.mx i' : 

LOA 

3*0 CP 

10422 

024623 


LOA 

1*0332 

10423 

123U00 


AOO 

1*3 

10424 

040617 


Si A 

0* OCP 

10425 

010613 


ISS 

OD AO 

10426 

014613 


OSS 

02/. 3 

104:27 

000667 


JMP 

0£CS 

1 0430 

30260/ 


JMP3 

02 f 2 

13431 

'010437 

i £2T: 

TE2S 


13 432 

010437 

l'2P 1' : 

r £23 


1 0433 

030055 

CM I O : 

55 


1 3434 

003000 

OX: 

0 } iM j iO 

3EI2G DI3P0 

13435 

<030000 

OK : 

3 ; i £2 

TO THE 2 

13 436 

000000 

OJ: 

OJOIiit 

i 

1 043/ 

023420 

f£25 : 

10030. 


1 0 443 

001750 


1000. 


1 344! 

030144 


1 00. 


10442 

0003 1 2 


19. 


1 0443 

.iJOOO 1 


1 . 


10444 

000040 

CSLm: 

43 

t 3L 2K 

13445 

300003 

o loo: 

0 



002400 

3 Jr F : 

* BLK 

1230. ; 01 SPLAT PUFFE2 

1 3045 

010141 

PG1 : 

CL3F 

) PAGE l TACH 02 FI. 3; CL£A2 PUFF 

1 3047 

300 000 


0 


1 3 35 J 

010141 

PU2: 

CLUF 

i PAUL 2 OHAJTI C: CLLA2 3UFF 

1 3351 

013253 


ALPS 

/STICK 12 ALPHAS 

1 3 Os 2 

00 1116 


5 90. 


13053 

01 322/ 


CHAO 


1 3054 

030334 


4 


2 3355 

000033 


0 

r 7 i 

13 J jo 

013253 

PC 3 : 

ALPS 

S2EP02T POC A20 3T CT / / 

1 3 357 

1 -MOOO 


3 

/ 1 

1 3 060 

000000 


0 


1 3061 

000003 


0 




13062 01 <3253 PG5s ALFO 

13063 00230 4 1220. 

13064 013234 PVC 

13065 000002 . 2 

13G66 0G0G00 0 

13067 010141 PG4: CLBF 



1 3E 70 

0 10314 


13071 

000363 


130 72 

0000 1 2 

u 

1 3C73 

000000 


13074 

000112 


13075 

010253 


13076 

GC624S 


130 77 

013164 


13100 

0G0042 


13101 

010314 


13102 

000373 


131C3 

600012 

u 

1310 4 

0 COG 3G 


1310 5 

0001 12 


1310 6 

010314 


1313 7 

000403 


13110 

0000 12 

u 

13111 

000000 


13112 

000112 


13113 

010314 


13114 

00041 3 


13115 

60OG12 

u 

13116 

000660 


13117 

0001 12 


13120 

Cl 03 14 


13121 

000423 


13122 

0006 12 

u 

13123 

000000 


13124 

S 601 12 


13125 

010314 


13126 

000433 


13127 

000012 

u 

13130 

00660G 


13131 

600112 


13132 

Cl 031 4 


13133 

000443 


13134 

G00012 

Li 

13135 

GOO 000 


13136 

0001 12 


13137 

6 1 0-314 


1 3 1 40 

000-453 


1 3141 

3G0O12 

u 

13142 

0-60000 


13143 

0001 12 


13144 

0 1 0314 


13145 

0 C 6 463 


13146 

000012 

0 

13147 

600006 


1 3 1 50 

036112 


13151 

010253 


13152 

6021 64 


13153 

O 1 3237 


131 5^ 

OSO 022 


131 55 

610314 


DECD 

243. 

10 . 

AFT 

74. 

ALFO 
1 65. 

LN2 

34. 

DECD 
251 . 

10. 

CRT17 l+SS S' 
74. 

DECD 

259. 

10 . 

CRT2T ftSC*”? 
74. 

DECD 

267. 

10 . 

CRT3T M^rOt 

1A. 

DECD 

275. 

10 . 

CR74T / 

74. 

DECD 

283. 

ie * v ^ <- 

CRT5T 

74. 

DECD - 

291 . 

10 * , 

CRT 61 i+b* I 

1A. 

DECD 

299. 

FMT I^S/ 

74. 

DECD 

307. 

FAT 

74. 

ALPO 

1140. 

REFT 

18. 

DECD 



13156 

13157 
U 13160 

13161 

13162 
13163 
131 64 
13165 
131 66 
13167 
131 70 

13171 

13172 
131 73 
131 74 

131 75 

13176 

13177 
13200 
1 32G 1 
13202 
1 3203 

13204 

13205 

13206 

13207 
13210 

1321 1 

13212 

13213 

13214 

13215 
1 3216 
13217 

13220 

13221 

13222 

13223 

1322 4 
1 3225 
13226 

1 3227 
13235 
1 3231 

132 32 

13233 

13234 

13235 

13236 

1323 7 
1324D 
1 3241 

13242 

13243 

13244 

13245 

13246 


0021 66 


1 1 42 

00 0002 


2 

000030 


BTCT 

000007 


7 

000000 


0 

0G000G 


0 

040506 

LN2: 

.TXT 

0201 1 5 

M 


020040 

020040 



046501 

AM 


020120 

P 


020040 

020S40 



044527 

01 


G 52 104 

DT 


0201 10 
020040 

H 


051101 

AF< 


040505 

020040 

020040 

EA 


0 5G440 

G 


050455 

O20G4G 

020040 

-G 


040455 

-A 


0 50115 

020040 

HP 


046440 

M 


0 51 530 

XS 


056114 

026040 

020040 

LP 


042515 

ME 


041115 

MB 


020123 

020040 

S 


0 43 501 

AG 


020 105 

E 


000060 

«• 


044163 

CHAO : 

.TXT 

047501 

AO 


6 445g4 

T I 


020103 

C 


oocooo 

1 » 


0 5312G 

PVC: 

.TXT 

020103 

C 


000006 

VI 


0431 1 7 

REFT: 

.TXT 

G20040 / 
0 200 40 
0 2 0 0 40 

1 


O 4 1 0 ^‘0 

B 


040505 

EA 


951 52^ 

TS 


020054 

i 



tsm 

"FA 


"Ch 


"OF 

71 



132 <*7 020040 

1 3250 £20040 

13251 G20040 

13252 051120 PR 

13253 041117 OB 

13254 041 101 AB 

13255 042514 LE 

13256 05EC40 r 

13257 041526 VC 

13260 020123 S 

13261 000000 " 



i m 1 c 

l 40 1 1 

1 40 1 2 
1 4t 1 3 
1 At 1 A 
1 At 1 3 
1 A'» 1 6 
1 At 1 7 
1 4026 
14G21 
1 Ait 22 
1 At 2 3 
14'. 2 4 
1 At £5 
l A S26 
l At 2 7 
1 At 3 b 
1 Ai 3 1 
1 AC 32 
1 4033 
1 403 4 
1 4035 
1 403 6 
1 AC 3 7 
1 4040 
1 40 4 1 
1 AC 42 
1 40 43 
1 40 44 
14045 
1 40 4 6 
l 40 47 
1 46 5 C 
1 40 51 
1 40 52 
1 4L 53 
1 40 54 
1 40 5 5 
1 At 5 6 
1 405 7 
1 40 6 C. 

1 4.. 61 
1 40 62 
1 40 63 


i , STATISTICAL (CYCLIC) PROCESSOR 

i 

i 

i SWITCH ENTRIES: 

- REQUEST DISFLAY OF FAMILIES 

AND PVC COUNT. SETS PRO GRAM FLIP-FLOP • ® 
RESET FLIP ANY SWITCH FOR 1 BEAT DURA7IM 
(NOT 177777 RESETS). 

EERO BEAT AND PVC COUNTS FOR DISPLAY. 



* 

• 

J 

177777 


• 

9 



• 

-J 

• 

9 

• 

77777 


J 

37777 

e i 40oo 

9 

.LOC 

oo e o i o 


. ELK 

1 7777” 


-1 

GO' , 01 

CW: 

0J**FU 

C 30777 

CYCL : 

LDA 

021000 


LDA 

040547 


ST A 

f . 2 1 G 0 1 


LDA 

£.40 546 


STA 

021 GOP 


LDA 

640545 


STA 

02 1003 


LDA 

0 40 544 


STA 

021 064 


LLA 

040543 


STA 

G £100 5 


LDA 

040542 


STA 

G 0 6 5 6 5 


J SR C 

620542 


LDA 

04054£ 


STA 

020542 


LDA 

040542 


STA 

022541 

LPl : 

LDAG 

161112 


i'j Cj VL ”/ 

1 GC4GC 


NEG 

034537 


LDA 

030 533 


LDA 

1 57000 


ADD 

02 541.6 


LLA 

1 22433 


5052 i : 

002.551 


JMPG 

034532 


LDA 

1 5 7i.CC 


ADD 

02 5 400 


LDA 

106433 


SOEiL U 

002544 


JNr Q 

010323 


I SB 

010520 


I SB 

000 7 60 


Jt'iP 

0 2051 5 

Lr4A; 

LDA 

!., At. 5 1 s 


STA 

02. 31 5 


LDA 

v.. 40 5 1 5 


5 T A 

034 51 7 

LP3: 

LDA 

l 3£ 51 1 


LDA 

1 5 7 i.O (. 


ADD 


EERO FAMILY STORAGE 
RESET ACTIVE FAMILY 
1 40 GO 

IS 

CYBF ADD HERE 


LP1 

GjNINS 
Oj INCTR 
Cm SI Nr 

0 * INPTR 

3jPCPTP i GET /I PTR 
2* INCTR 
2j 3 


FOR ALL FANS. DOES® 
TABLE. 


2>CV. 

;GET INF ADDRESS 

S J (: J J 2 

j-C-ET FIRST INF 

Cm INS 


e> i, 2 

j GET 2ND INF 

Gj INS+1 


0j2j 2 

iGET 3RD INF 

0, INS+2 


Gj 3 j 2 

j GET 47H INF 

Cj. INS+3 


G> 4# 2 

)GET 5TH INF 

0j INS+4 


0j 5 j2 

i GET 6TH INF 

0* INS+5 


GTAFS 


GjNINS 

j SETUP INF CTR 

0j INCTR 


£5* SINP 


Gj I NFTR 

) SETUP INF PTR 

0j inftr 

j CHECK TO LO LIM 

Gj Gj SB C 


Oj g 


3 j LLP TR 


2j INCTR 


£ j 3 


1 j Oj 3 


1 j C j SN C 

; SK I P IF WITHIN 

RET 


3j LhPTR 

i CHECK TO HI LIN 

2 j 3 


1 J Oj 3 


Oj 1 j SNC 

;SKIr IF WITHIN 

RET 

; PAD INF UP T 

I N P T R 


INCTR 





1 40 64 

021 406 


LDA 

G, 0, 3 

1 GET 54 

1 40 65 

634514 


LDA 

3 , F I N S P 

;GET F 1 f ? TO FK CRIT 

1 46 66 

1 57666 


ADD 

2, 3 


1 *667 

035406 


LDA 

3, G, 3 

* GET CRIT FTP 

1 40 76 

630513 


LDA 

2j A FN 

i GET FAR INDEX 

1 46 7 1 

1 57000 


ADD 

2* 3 


14672 

025400 


LDA 

1 , 0 , 3 

;get fam member 

14673 

04451 1 


STA 

LCVUS 

i SAVE IT 

1 46 7 4 

066512 


JSRG 

FCT 

* TAK E ACE % OF AC 1, PUT IN 1 

14075 

125112 


MO VL ft 

1, 1, SEC 


1 40 7 6 

124400 


NEG 

1, 1 


1 40 7 7 

020474 


LDA 

6, INCTR 


1 4106 

030 502 


LDA 

2* PEPT K 


1 416 1 

1 13060 


ADD 

6, 2 


1 4 1 0 £ 

02 1 060 


LDA 

0,0,2 


1416 3 

1 0 60 33 


ADC2& 

G, 1 , Sis: C 

' 

141 0 A 

1 0 5060 


00 V 

0, 1 


1 410 5 

020477 


LDA 

0, CV0S 


1 410 6 

•0 32467 


LDAG 

2, INPTK 


1 41 0 7 

1 1 2460 


505 

iL j a 

JCALC AES DIFF 

1411 0 

151112 


HO VL ft 

2, 2, SEC 


14111 

1 £0*06 


NEG 

2j 2 


14112 

1 46433 


SUBEi* 

2, 1>SNC 

3 SKIP IF IN 

14113 

600564 


Jl'iF 

gna.fi 

* GET NEXT ACT FAM 

141 14 

016461 


ISO 

INF TP 

; STILL IN SO TST NEXT INF 

14115 

610456 


I SB 

INCTrt 

; INC INP CTF< 

14116 

6 0S 743 


JMP 

LF3 




; FOUND 

A FAMILY 

IT FITS 

IN 

1 411 7 

036470 


LDA 

2>FMPT 

* FAM MEM TAB FT 

14126 

024463 


LDA 

1,AFN 

* GET FAM 

14121 

6 44 0 6 6 


S7 A 

1 , CURB 


14122 

1 3 3000 

- 

ADD 

1*2 


14123 

611000 


ISE 

Q‘ » 2 

i INC FAM SIEE 

14124 

060401 


JMP 

. + 1 


1412 5 

020463 


LDA 

2* FAFT 

* RESET AGE OF FAM 

1412 6 

1 3 3000 


ADD 

1,2 


14127 

6 26 462 


LDA 

G, MX ACE 

; SET TO MAX AGE 

14130 

0 4 1 6 00 


STA 

6,0, 2 




1 ADJUST 

FAMILY 

CRITERIA 

EY NED VALLE 

14131 

0204*1 


LDA 

0,0 IMS 

* NO OF INPUTS 

14132 

6 *04*1 


STA 

0, INCTR 


1 41 33 

020 *41 


LDA 

0, SI NP 


1 41 24 

zz. i 


STA 

0, IivPTR 


1413 5 

! 20436 

LF2: 

LDA 

6, INC IF 


1 413 6 

020443 


LDA 

2, FI MSP 


1*13 7 

1 1 3000 


ADD 

G,2 


1 41 4!i 

621000 


LDA 

2, 6, 2 


14141 

244*2 


LDA 

1 , AFN 


14142 

1 330 ci. 


ADD 

1,2 

* CAL C ADD OF FAM CRIT 

14143 

f-:5£.4*S 


STA 

2, FMAD 


1414* 

t ?: 5l. L l 


LDA 

1,0,2 


1 4145 

A 45 


LDA 

0, UTS 

;TAKE ACG % OF AC 1 (OLD VAL) 

1 4146 

£064^3 


JSRG 

PCT 


1 41*7 

*. *4535 


STA 

1, SVPT 

i SAVE RESULT 

1 4 1 5f 

f.£64£S 


L DA C- 

1 , I «\ P T R 

* GET INPUT 

1 41 51 

(, Pf.^dtg 


LDA 

6, V. T S+ 1 

* TAKE OTHER' « OF INPUT 

1 4 1 52 

' ! if, /; 3 /: 


JSRO 

PC’i 


1 * 1 5 o 

O&C 53 1 


Lijf-'i 

0, SVPT 

i GET RIO PART ) 

1 *1 5* 

1 7000 


ADD 

0 , 1 

IN El. FAM CRIT VA 

1 41 55 

636430 


LDA 

2 . , t* i v j A D 




1 41 56 
1 41 57 

141 60 

14161 

1 41 62 

14171 

141 12 
141 73 
1 41 74 
141 75 

14176 

14177 

14200 

14201 
1 426 £ 
14233 
1 420 4 
1 42 ?) 5 
1 42 & 6 
14207 
1421 0 

14211 

14212 

14213 
1 421 4 
1 42 1 5 
1 421 6 

14217 

14220 

14221 

14222 

14223 
1 4224 
1 422 5 
1 422 6 
1 422 7 
1 4230 

14231 

14232 


1 4233 
1 42 o 4 
14235 
1423 6 
1 4237 

1 4240 
1 4241 
1 42 42 
1 4243 
1 42 4 4 
1 42 4 5 
1 42 4 6 

1 42/ 7 
14250- 
1 4g 5 1 


C 4 5000 

STA 

1*C*2 

* 10416 

ISO- 

INFTP 

i j 1041 3 

I SB 

INCTR 

000754 

JMP 

LF2 

000534 

. jmp 

AGING 

006306 

INS: • BLK 

6 i INPUTS STORED HERE 

Ol; 00 1 2 

i\OFW: 1C* 

3 N UNDER OF FANIL I ES 

1 77772 

N INS: -6 

* NO OF INPUTS 

CO CD 00 

IN CTO: £ 


0141 63 

S I NP : INS 


020000 

INFTR: 6 

; INPUT TAB PTR 

C 1 471 6 

LLFTR: LL+6 

J LOWER LIN IT TABLE PTR 

014724 

L K F 1 1" ; : L H + 6 

5 UPPER LIMIT TABLE POINTER 

014732 

r CPTKs FCi\7 + 6 

JPEf. CENT TABLE POINTER 

214555 

F I OP l C ft T E S + 6 

J PTR TO CM 7 TAB FTPS 

Tj 1 4740 

PEPTn: PTEE+6 

3 POINTER TO ERROR LIN TAB 

f . r' 1 i" 

L> » (-) it/ .1 ■ 

& Ft:: 0 

; ACTIVE FAMILY NUMBER 

**v r o. r . ■ f? 

U L- *0 L’ UJ 

CV'.S: 0 

3 STORE 

»•- f i‘*~ 

Fi-iAD: G 

5 STORE 

014462 

PC7: FC7G 

3 PE E C EN T A C E ROUTINE 

01 4651 

FOP 7': F.-.T 

i FTP Tu FAM hEft 7AB 

014663 

FAF 7 J FAT 

Jr TP TO F AM AGE TAB 

000324 

MXAGZ: 2£« 

3 INITIAL AGE OF FAMILY 

000132 

07 S: 50. 

.J PEP CENT WEIGHTS FOR NEW- MEMBERS 

000312 

1G. 


0 1 430 6 

GTAFS8 GTAFA 


015104 

i ^ il> i • * \ Jr- i i'. 

- 

D 00012 

IAFCT: 10. 



;GE7 NEXT ACT 

FAN MEM J IF NONE START NEW FAN 

&C4524 

GNAFI: JSR 

GTAFN 

0 20-763 

LDA 

Ci*AFN J IF NO NOR THEN VAL IS ICR 

101132 

NOVELL 

C-*0*SNC JSKI? IF NO MORE 

■500 633 

JMP 

LP4A 3 T RY INF IN NEXT F AM 

02C 746 

LDA 

0 * N 0 1* M 

1 004CO 

NEG 

0* 0- 

04G771 

STA 

G* IAFCT 

030454 

LDA 

2/ IAFEP 

024767 

LLA 

1* IAFCT 

1 33000 

ADD 

1*2 

000 40-7 

JMP 

RTIAF 

1 51 400 

ORPH : INC 

2* 2 


3 ORPHAN SO STA 

RT NEW FAi-i 


i GE7 FAN FROM 

INACTIVE LIST 

010763 

I S3 

IAFCT 

f., o 0. 40 4 

Ji-iP 

RTIAF 3 '100MANY FANS SO P ECO DISr 

020450 

LDA 

0* LNRL 3 SET AFT TO UNREAL VALUE 

040745 

STA 

0- > A F N 

0 L 0 457 

. JMP 

AGING ;G0 AGE FAMILIES 


* FOUND A GOOD 

FAMILY TO START 

i:.-2 50 CO 

RTIAF: LDA 

1*0,2 3 GET NEW FAN NO 

12 51 13 

NO VL A 

1* 1* SNC 

i/ !>■ t/ / /cl 

JNP 

OR PH 

1 251 20 

NO VE L 

1* 1 

1 25220 

NOVEF 

1* 1 

045000 

STA 

1*0*2 

044735 

STA 

1 * AFN 


j S LT L : i- 7 It E N E0 

FAMILY 

C 3-0746 

LDA 

2* FM<'7 3 SAME AS ABOVE / 

24723 

LDA 

1 * AFN / 

i • 44430 

STA 

1 * CURB ' 


SAME AS ABOVE 


77 



14252 

1 33600 


ADD 

1*2 

1 42 53 

102526 


SU5LL 

0*0 

1 42 5 A 

£41006 


ST A. 

6*0*2 

14255 

036733 


LDA 

2* FAPT 

142 56 

1 33666 


ADD 

1*2 

1 42 57 

626732 


LDA 

G » MXAGE 

14260 

6 41 COO 


ST A 

0* 0* 2 

1 42 61 

02671 1 


LDA 

04 N INS 

1 42 62 

£ 46711 


SI A 

£j 1 C 7 n 

14263 

026 711 


LDA 

G * SINP 

1 42 64 

C 40 7 1 1 


SI A 

0 * INFTR 

1 4265 

620706 

LP 5: 

LDA 

6* I NOTH 

1 4266 

630713 


LDA 

2 * FINSP 

1 4267 

113060 


ADD 

0*2. 

14273 

vj 2 1 V C G 


LDA 

2* G* 2 

l 42 7 1 

£24712 


LDA 

1 j AFN 

1 42 72 

1 33060 


ADD 

1*2 

14273 

622762 


LDA 5 

0* INFTR 

14274 

£41606 


STA 

e* o* 2 

1 42 75 

616706 


ISE 

INFTR 

1 42 76 

016675 


ISE 

INCTR 

1 4277 

COE-766 


JKF 

LP 5 

14306 

C66416 


JMP 

AGING 

1 430 1 

600666 

CURBS 

£ 


1 4302 

£14707 

I A r EF 

: A F 7 + 1 6 * 


1 4303 

£14675 

A FTP: 

AFT 


1 43G A 

0 06666 

SVPT: 

03 STORE 


14305 

166660 

liN kL • 

1CS660 

; UNREAL 

1436 6 

£54405 

GTAFA 

: STA 

3* GTS 

14337 

026405 


LDA 

6* AFTN 

14310 

046465 


STA 

6* AFTC 

1431 1 

664432 


JSR 

GTAFN 

14312 

662401 


Ji.PO 

GTS 

14313 

066GG6 

GTS: 

03 RETURN ADD 

14314 

1 77765 

A.FTN: 

-11. 


14315 

177765 

A FTC: 

-1 1 . 


14316 

£26 665 

AGING 

: LDA 

0* AFN 

14317 

£40 442 


STA 

C* AFV.NM 

14320 

£04766 


JSK 

GTAFA 

1 4321 

030662 

LP 41 : 

LDA 

2 j AFN 

14322 

1 51 1 32 


i'iO VCL >v 

2* 2* S5 C 

14323 

600441 


Ji-jr 

ADSL 

1 4324 

£24435 


LDA 

1 * AFV.NM 

1432 5 

1 4661 5 


H U H it 

2* 1* SNR 

14326 

£6041 3 


JMP 

LP4 

1 4327 

(24661 


LDA 

1* FAPT 

1 4330 

1 33066 


ADD 

1*2 

1 433 1 

0 1 5 £06 


DSL 

fii £ 

1 4332 

CO 040 7 

3 FAN 

Ji-iP 

TOO OLD SO 

LP 4 

INACTI VA 

1 4333 

£26 756 


LDA 

2* A. F 7 F 

1 4334 

624647 


LDA 

1 j A Fi\ 

1 4335 

1 330 6 0 


ADD 

1*2 

1 433 6 

125120 


NOVEL 

1* 1 

1 433 7 

1 2 52'Av 


MO VOX 

1 * 1 

1 / 34..- 

£ 4 5( 00 


i T A 

1*6* 2 

1 4241 

( .,/-402 

LP 4: 

JSL 

GTAKa' 

W342 

;_0757 


JKr 

LP41 

1 4343 

624752 

C'i AFN 

: L DA 

1 * A F 7 C 

1 4344 

l. 30 4 1 6 


LDA 

^ Arllir 


* SET^FAM SIZE TO 1 
3 RESET AGE 


F AM N 0 

3 SET 1ST ACT FAN NO 


3 S A V E NO FO ACT FAN V.’/NE 


iSKIP IF NO MORE 
3 60 SEEK AENORMALS 

5 NOT SAME FAN SO AGE 
3 SAM E FAN SO LET ALONE 


JGO AGE NEXT FAN 
TE 


3 GET N EX 
3 GO VEST 


T VALUE 

II 



14346 

02 16 DC 

LDA 

1 43 A 7 

0 4 v'634 

STA 

1 4350 

616745 

I Sc 

1 4331 

666462 

. Ji-ir 

1 4352 

63646* 

J RO- 

1 *353 

16 1 102 

MO VL 

1 4354 

006767 

J Mr 

1 43 55 

061*66 

Ji-.P 

1 4356 

620736 

GTF: LDA 

1 4357 

C 40 73 6 

STA 

14360 

■22 1400 

JMP 

1 4361 

Oti COG 

AFlvNM: 03 ACT 

143 62 

61 4710 

AFTER: ( AFT+ 1 1 

1 4 4 6 3 

01 5144 

RVCF : FVC C 

1 4364 

064722 

AS SR : J SR 

1 *365 

162*00 

SUB 

1 *366 

04051* 

STA 

1*367 

000*05 

Ji ;F 

1 4370 

66*753 

AES2: JSR 

1 42 71 

026612 

LDA 

1 *372 

161112 

{•( 0 VL n 

14373 

66 C 41 3 

JMP 

1 4374 

039613 

CHECK: LDA 

1 4375 

>32466 6 

LDA 

1 43 76 

1 336 66 

ADD 

1 4377 

G210GC 

LDA 

1 4400 

6 30 562 

LDA 

1 4401 

1 42023 

ADCs if 

1 44C2 

606766 

JMP 

1 4 4C3 

6**566 

STA 

1 4 40 4 

C 46 4 76 

STA 

1 440 5 

000763 

JMP 

1 4*0 6 

626673 

ADS 1 : LDA 

1 *40 7 

024*74 

LDA 

1 4416 

10641 5 

SUDf/ 

1 441 1 

602535 

JMPO 

1 44 12 

020475 

LDA 

1 441 3 

030 526 

LDA 

1 4414 

1 33CC6 

ADD 

1 441 5 

6 2 5630 

LDA 

1 4*1 6 

•00 *4*4 

JSR 

1 441 7 

•12 4465 

LDA 

1 4426 

321 *30 

LDA 

1 *42.1 

122333 

AD CO it 

1 4*22 

062524 

JMFG 

1 4*23 

2 * 4 60 

LDA 

1 4*24 

C 30526 

LDA 

1 *425 

1 33066 

ADD 

1 442 6 

02 5- j 60 

LLA 

1442 7 

0 20*61 

LDA 

1 4*32 

004432 

JSR 

1 4 431 

02*4.53 

LDA 

1 4432 

1 75460 

INC 

1 4*32 

021 *LL 

LDA 

1 4*34 

1 06033 

ADCR fr 

1 4 425 

■:. > , 2 51 1 

jMi' (i 

1 442 6 

626516 

LDA 

1 4437 

0 2 * * * * 

LDA 

1 4445 

1 3 3D 60 

ADD 


C, 0, 2 
Q , AFN 
AFT C 
. + 2 
GTF 

0,0, SBC 
GTAFN 
C, 3 
0, AFTN 
Cm A FTC 
Cm 3 

FAN l\/i\! EU ri EM 


GTAFA 

G, G 

0, NFMCT 5 SET NORM FAM CT TO 0 

CHECK 

GTAFN 

fjj ArN 

0, G,$H C 3 SKIP IF NOPE TO CHE Cl 
AES1 J FOUND NORM FAN 

2, FMFT 
1 , AFN 

1 . » 2 
0 , 0,2 
P.,i\FiXT 

2.0, SN C 
AES 2 

1 * N FN 

D>NFMCT 

ABS2 

0, CURB 3 CHECK FOR FVC 
1 , NFN 
G, 1 , SN R 
FT UN 

0, PCA 

2 , CPTSS+ 2 

1 . » 2 

1 . 0 . 2 

rCTG 

3 * a I N P 

Cm Cm 3 3 GET NEV. AREA 

1,C, SN C 3 SKIP IF BIGGER AREA 
RUN 3 NOT FVC 

1 , N FN 

2, CRTES+3 
1,2 

1 * G, 2 
C- , F C- C 
rCTG 
3>NINP 

3, 3 

Cm 0 , 3 3 GET GO 

0,\, SN C 3 Ei\ I F IF SHORT C- C 
i i UN 3 i\'.j T FVC 
2>C; TBS+5 
1 •> N FN 
1,2 



* CHECK ft AX SLOPE 


\AAA\ r, 2 5000 


LDA 

1 > £* 2 

1 4442 1)20447 


LDA 

0>PCS 

14443 1-6441 7 


JSR 

PCTG 

14444 034446 


LDA 

3* NI NP 

14445 175466 


• INC 

3* 3 

14446 175400 


INC 

3, 3 

14447 175 460 


INC 

3# 3 

14455 521455 


LDA 

0, Q, 3 

14451 122633 


AD CO 41 

1 » 5 * SN C 

14452 052474 


3 ft P (5 

R T UN 

14453 152656 


ADC 

6* 6 

14454 061033 


DOA 

6, 33 

14455 020431 


LDA 

R , ft S 5 

14456 004435 


JSR 

D I P F; 

1 4457 L 1 £ 70 4 


I SB G 

PVCP 

1 44 60 0 5 0 40 1 


JftP 

. + 1 

14461 i: 0 £ 4 6 5 


JftFQ 

RT UN 


i PEP 

C Eft 7 ROUTINE 

1 4462 054415 

PC i G : 

STA 

3 * P C S 3 

14463 044415 


S'i A 

1 , SGN3 

1 446^ 125112 


ftOVLA 

1* 1 j SB C 

14465 124400 


NEG 

1, 1 

14466 111000 


ftO V 

6,2 

14467 1 02400 


SUB 

■ 6,0 

14470 OS 6003 


JSR 3 

'3 

1 4471 E 30 410 


LDA 

2,C10G 

14472 G06G04 


JSRG 

4 

14473 020405 


LDA 

5* SGiN3 

14474 1011 12 


MOVLw 

0 , 0 , SBC 

14475 124400 


NEC 

1, 1 

14476 S024G 1 


JftFO 

FCS3 

14477 000000 

PC S3: 

05 SAVE 

RETURN 

14500 000000 

SEN 3: 

6i SAVE 

SIGN 

14501 000144 

Cl -30: 

1GG. 


14 502 OOO'OUG 
14503 OOOGOG 

NFKCI 
NFN: 6 

: 6 


14504 Si 41 65 

ft INF : 

INS+2 


14505 000000 

SAV9: 

f\; 


1 4506 0000:05 

ftS5: 5 



14507 200156 

P CA : 

i Tfo. 

} AREA 

14510 000135 

PCu: 

93 • 

S G G 

14511 000126 

PCS: 

7t • 

i SLOPE 

14512. 560125 

PCI.: 

q r-. 

O i.V * 

i V.IDTH 


S DISPLAY PECUES 

T ROUTINE 

14513 054764 

DIPR : 

STA 

3, PCS 3 

14514 224424 


, LDA 

1 > L SP G 

14515 106415 


SUB A 

6 , 1 * SNR 

14516 000416 


Ji-iF 

PR Sr 

14517 o 2 

j • u. D : 

J sp 

ADIS 

1^520 < •22 757 


JftFO 

PC S3 

14521 254764 

ALIS: 

STA 

3> S A V 9 

14522 040-41 6 


STA 

G^LSPG 

14523 240420 


STA 

5, PRCOi-i 

14524 020415 


LDA 

G> PFCP 

14525 042415 


STAG 

<:■}, crop 

14 526 0!. 6oO£ 
1452 7 r ’.6555 


JSRG ' 
0 

2 

1 4 53* 0 M..6 


6 

J 

14531 015142 

14532 1,14543 


DERR 
PR GO ft 



JSKIP IF PVC 
Jivoi PVC 


i DISPLAY "PVC” 
J REPORT PVC 


i SAVE RETURN 
i SAVE FOP SIGN 
i TAKE ABS VAL 


• M LL T BY PERCENT EG 10 
JDIV BY 1SG 

i REPLACE SIGN ON RESULT 



* REDDEST DISPLAY 



t 4533 

' 02752 


Ji-iPD 

SAV9 

1 453 4 

g: 3041 1 

PESP: 

LDA 

2 j FRFL 

1 4535 

1510 r. 4 


MO V 

£ J £s Sz: R ^ 

14536 

001400 


JKP 

e>3 

1 4537 

COO 760 


JMP 

RED 

1 4540 

GC GGGS 

LSPG: 

55 LAST 

PAGE DISPLAYED 

14541 

014543 

I- j: CP:? LOOM 


1 4542 

01001 1 

Ci'il.'P : 1 & 0 1 1 


14543 

000020 

P < \ Cun; 

G 

5 COMM UN I CATION 00 R DS 

14544 

or, co co 


G 


1 4545 

0C0G05 

KRFL:G 

5 PEP T 

REG: FLAG 

1 4 546 

C 1 51 il 4 

51 L'lX : REIN 


1 4547 

014555 

G K i ij S • 

CAT IT 

5 POINTERS 70 CRITERIA 

14 550 

014567 


CRT 2 7 


1 4551 

Cl 4601 


CRT 3 7 


14552 

0 14613 


CF.T4T 


14553 

014625 


CRT5T 


+ 4 G 3 4 

514637 


CE7 6T 



GO 30 12 

CRT17: 

. blx 

10. 5 CP I TER I ON 1 


005012 

CRT2T: 

. ELK 

10. J CRITERION 


5050 1 2 

Ci ; - 1 ^ 1 ♦ 

. ELK 

is. ; era ter i on 3 


3000 12 

Cl* t ^ i • 

. ELK 

15. 


OQCD 1 2 

CP 157: 

• i^LK 

IS. 


0OOG12 

CPI 67 : 

. ELK 

.10. 


55 5012 

Ft: 7: 

.ELK 

1 G . 3 FAN I L Y K EM 8 E R TABLE 


53C512 

FAT: 

• ELK 

1C. J FAMILY AGE TABLE 


005012 

AFT: 

. ELK 

13. ; ACTIVE FAMILY TABLE 

1470 7 

1 SC 000 


1 50G0Q 

3 END OF ACT FAN TAB FLAG 

1471 £ 

5 b L- 0 40 

LL: 

40 

; AMP 

1471 1 

550035 


3C 

J WIDTH 

14712 

050040 


40 

5 AREA 

1 4713 

000024 


20. 

3 C G 

1 471 4 

i_* 0 0 1. 5 


0 


1471 5 

; , r r ; p <.■ c. 


e 


1 471 6 

00 1 770 

Lh: 

1 7 70 

; AMP 

1 471 7 

00 04 OS 


405 

i WIDTH 

1 472:1 

/ ij 0 4 i. 


70500 

; AREA 

14 721 

003725 


£ 0 G • 


14722 

051770 


1 7 70 


1 4 723 

L* 50 200 


250 

3 MAX SLP 

14724 

300036 

FCi\'T: 

30. 

; AMP 

1 4725 

GC 5050 


40 . 

; v.i DTP: 

1 472 6 

500 336 


30. 

5 AREA 

1472 7 

5 0 5036 


30. 


1 4 730 

f,OC 036 


35 * 


1 4731 

C 55524 


20. 

Ji-iAX SLOFE 

1 4 732 

'VC 2 5 30 

FTEO: 

30 

JAKP 

14 733 

• r- f c, 


5. 

; WI D1H 

1 4 734 

330024 


23* 

i AREA 

14 735 

331 o-24 


. £ G • 

J C 0 

1 4736 

5000 62 


b'j • 

; -amp 

1473 7 

■ o 

■5 1 O v 5 1 C 


13. 

i MAX SLOPE 


INITIALISATION* FOR CYCLIC 


i s: 0 a 

1 Sf 03 422 

1 5 . 1 s-ict 

15 ;, 0 2 5 4417 

lb:. (.3 030413 


.LUC 150 CL 

LDA C-jCII 

SI A 0 ., C12 

hi A 3> I S3 

LI. A 2, VLr 


J 



1 5504 

03441 3 


L DA 

3* DESP 

1 5£-t 5 

054413 


ST A 

3* DEST 

1 SSL 6 

021 0 !J 

CLP: 

LDA 

0*0*2. 

15507 

C 3641 1 


L DA 5 

3* DEST 

1 50 i o 

041400 


31 A 

0* 0* 3 

1 50 1 1 

01 0407 

• 

ISO 

DEST 

1 50 1 2 

1 51 400 


INC 

2* 2 

1 50 1 3 

014410 


DSH 

CT 2 

1 50 1 A 

005 7 72 


Ji-.P 

CLP 

1 50 1 5 

502404 


JOiPC' 

I S3 

1 50 1 6 

51 50 61 

VLP: VL 



1 50 1 7 

01 5524 

D II Sr * IJ cl S 


1 5025 

015024 

DEST: D e 

C; 


1 Sl-21 

ODOGGG 

133: 

03 KETN 

ADD 

1 5022 

505023 

Cl 1 : 19- 

3 N 0 OF 

COEDS V 

1 5023 

000023 

Ci2: 19. 



1 50 2 A 

014555 

DEb: 

cm l t 


250 £5 

01 4S67 


CPT2T 


1 5026 

01 4601 


CRT 31 


1 5027 

51 4613 


C F: 1 4 T 


1 50 30 

014625 


CR15T 


1 5031 

0 1 4663 


FAT 


1 5032 

0 146 51 


FMT 


1 5033 

014675 


AFT 


1 5634 

014676 


AFT+1 


1 SC 3 5 

51 4677 


AFT+2 


1 50,3 6 

01 4700 


AF1 + 3 


1 50 3 7 

014701 


AFT+4 


1 55 40 

514702 


AFT+ 5 


1 50 A 1 

514703 


AFT + 6 


1 5042 

01 4704 


A F 1 + 7 


1 50.43 

5 1 4755 


AFT+1 5 


1 50 44 

514706 


AFT+1 1 


1 5045 

51 51 43 


ETCT 


1 50 46 

01 51 44 


PVCC 



005512 


. ELK 

1C. 

1 50 61 

000455 

VL: 

455 

; A op 

1 5062 

555570 


70 

3 C I DTK 

1 5063 

555455 


45 0 

$ AREA 

1 5064 

DOC 625 


455. 

3 F-P 

1 5065 

500 405 


45 5 

; - A Nr 

1 50 6 6 

05055 1 


1 


1 50 67 

000501 


1 


1 50: 7\1 

550050 


r; 


1 5i, 7 1 

100001 


100051 


1 50 72 

150002 


150052 


1 50 73 

100053 


1 00053 


1 50 74 

150004 


155004 


1 5075 

1 0005 5 


IOC 003 


1 50 76 

150556 


1 55 00 6 


1 50 7 7 

100-057 


15 005 7 


1 5100 

105010 


1 55 u 1 0 


1510 1 

100511 


155511 


1 51 02 

000505 


5 


1 5103 

055005 


5 


1 510 4 

515457 

LEI N : 

I SO 

LTCT 

1 5 1 0 5 

4 1 .. 1 


Ji-.r 

. + 1 

1510 6 

'■60 477 


i-.r.ADS 

* , 

1 5 1 0 7 

1 C 62;. 5 


ADC:: 5 

\» 1 

1 D 1 1 0 

1 23225 


(■.5 V*. « ■ 

1* 1 


INITIALISE 


3 SPARES 


3 INC EEA1 CT 
5 PLAY SAFE 
3 HEAD SC IT CUES 

; FORM 




37777 IN AC1 



15111 

1 £2415 


Sl.’Bff 

1 >Q* SNR ; COMPARE TO SNITCHES 

15112 

004436 


JSR 

ETBS 

15113 

(.60 4 77 


READS 

e 

1 5 1 14 

1 2 6000 


ADC 

If 1 

15115 

122415 

. 

SUB A 

l*e, SNR 

15116 

000 40 4 


JMP 

KCC1 

15117 

126400 


SUB 

\» 1 

1 5120 

046426 


STAG 

1 » REF i RESET REPORT KEO FLG 

15121 

00041 1 


JKP 

RS VC i CHECK TO EERO COUNTERS 

15122 

032424 

RCC1 : 

LDAG 

2* KEF 

15123 

151004 


MOV 

2* 2, SLR 

15124 

O' 00 40 6 


Jt-ir 

RSVC 

1 5125 

126520 


SUBSL 

U1 

1 5126 

C 46420 


STAG 

1 j EKF 

1 5127. 

020420 


LDA 

Oj NS 4 

1 51 3£ 

CO 641 5 


JSR& 

RE i REQUEST DISP OF PAGE 3 

15131 

0 6047 7 


READS 

0 

i 5132 

126220 

kSVC : 

A DC 5 R 

1j1 i CHECK FOR ALL BUT SIGN 

15133 

1 22414 


SUE# 

1,0, SLR 

15134 

i.C-X 


JKP 

EOT 

15135 

102400 


SUL 

0*0 

15136 

040405 


ST A 

0* BTCT 

1 5137 

040405 


STA 

e*pvcc 

1 5 1 40 

00-6002 

DOT J 

JSR© 

.2 

1 51 41 

000006 


6 

; GUI T PROGRAM- 

15142 

0 630-77 

DERR: 

HALT 


15143 

15144 

15145 

000000 

•000000 

014521 

Lj l Git 

PVCC: 0 
RE: ADIS 

3 


15146 

014545 

RDF: hRFL 


15147 

0-00004 

054: 

A 


1 5150 

02 441 1 

STBS: 

LDA 

1 > E l. C T ; z: ERO FAN TABLES 

15151 

0 30 40 7 


LDA 

2* CT 1 TP 

1 51 52 

102400 


SUE 

0* 0 

15153 

0 41000 

0 7 3 : 

STA 

0 * z» 2 

1 51 54 

1 51400 


IRC 

2r 2 

1 51 55 

1 £5404 


INC 

1 * 1 > SB R: 

151 56 

000775 


JKP 

i: T E 

1 51 57 

00 1 40-r. 
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IV. ECG SIGNAL PREPROCESSOR 


Development 

As previously discussed six features of the QRS are to be continuously examined: 
amptitude, width, area under the QRS, Q-Q interval, max change in amptitude 
per unit time, and max amptitude of opposite sign. It was determined that by 
measuring the S to Q interval, determining an initial value amplitude of the QRS 
complex as it crosses the "K" apeture threshold level^ and incrementaly measuring 
amptitude changes of the QRS complex, software could be developed to calculate 
all of the QRS features needed. The processor to be discussed performs this 
pre-software signal processing. 

The processor consists of a band pass filter which limits baseline drift and 
signal slew rate. Following this filter is a sample and hold circuit, 
difference amplifier, and a MOSFET switch which is sequentially selected for 
slope or amplitude data. In addition an A to D converter, a set of counters, 
and a 2 msec clock (which establishes the basic timing for the processor) 
establish the major signal processing circitry The remainder of the circutry 
is involved in timing requirements for computer interfacing and data 
transfer. 

In order to meaningfully synchronize the signal processor to the computer 
an interface code has been developed which permits the computer to dedicate 
its time to other jobs until an interrupt from the signal processor occurs 
signifying a QRS has exceeded the "K" aperture threshold. This event starts 
the cycle sequence to be discussed. 



CYCLE SEQUENCE 


Note: Each device is referred to by its schematic designation and the board 

number where it is physically located. For example ZS-B3 refers to J-K flip 
flop designated Z5 located on board 3 of the signal processor chassis. 

When an ECG exceeds the "K" apeture threshold level established by the front 
panel potentiometer setting, the next clock pulse from Z1-B2 sets Z5-B3. 

Z5 Q terminates counters Zl, Z5 (B4) . Simultaneously the interrupt pulse 
from Z3-B1 begin. The first interrupt pulse clocks the counter data in the 
MUX (Z2, Z6 , Z7,-B4) to the computer; then the computer generates a DATIA and 
DEVICE 37 code, toggling Z9A via Z3-B4. This event converts Data Select Line 
Z9-Q from a 0 to a 1 establishing a Device Code 33. Z9B-Q-B4 has been keeping 
Q3-B1 in an "on" state permitting ECG amptitude data into the A/D (B2) which 
has been continuously converting but not sending its data to the computer since 
a Device Code 33 is required. When the 33 code is generated the MUX is activated 
for amp-slope data permitting the current ECG amp (initial value above "K tf 
apeture) to be presented to the machine. Immediately the software generates a 33P 
pulse turning Q3-B1 "off” and Q2-B1 "on" thereby permitting slope data to be 
sent to the A/D. Slope data is calculated by taking the difference between the 
current value of the QRS amplitude and the previous value stored in the sample 
and hold circuit consisting of Q1 and AR2 on Board 1. The sample and hold circuit 
is updated every 2 msec. Figure IV- 1 shows some of the important wave forms 
associated with this process. At the end of the slope data (software determined 
by slope settling) a 37P code is generated resetting the initial conditions 
of Z3-B3 and Z5-B3 as well as Z9-B9 thereby permitting the interval counters to 
begin again. 

Each completed cycle resets the counters as described above and each time a 
QRS exceeds the "K" aperture level the value in the counters representing a 
length of line value, which when added to the width of the QRS (software calculated), 
provides the Q-Q interval data. The width of the QRS itself is determined by 
the computers clock which is set when the QRS exceeds the "K" apeture threshold 
and is stopped when the slope of the S-T segment flattens out. The remainder 
of data is calculated from the change in amptitude per unit time (2 msec) and 
the initial amplitude value. 
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Figure IV-1 


Note constant amplitude of difference signal except at the 
peaks of the test signal where' the shape changes sign.' 
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V. SLEEP MONITORING SYSTEM M 133 


CAP ASSEMBLY EVALUATION 


Hie Work Plan on the following page is a summary of the objectives of 
the Sleep Monitoring Cap Assembly Evaluation Task. These objectives and 
several additional ones were accomplished during the program as discussed 
in this section. 

SCI engineers worked closely with NASA-MSC engineers to develop techniques 
for refilling and refurbishing cap assemblies which were delivered under a 
previous contract. These techniques are documented in the NASA document 
MSC-06080, "Procedure for Refurbishing M133 Cap Assembly Electrodes". Supplies 
sufficient to refurbish quantities of caps for testing purposes were delivered 
to NASA-MSC. 

Over 80 electrodes were built to flight specifications, but without flight 
inspection. Some of these electrodes were hand-carried by an SCI engineer 
to the Union Carbide facility to Boundbrook, New Jersey. Approximately 50 
electrodes were coated with a 1-mil. thickness of Parylene C. The process 
appeared to be a feasible one, and the enviroments were not too harsh for the 
electrodes. Union Carbide has used this Parylene C coating process on other 
flight hardware and is equipped to handle the quality control procedures 
associated with flight hardware. Thus, if this study were to prove that the 
Parylene coating provides a sufficient moisture barrier for the electrodes, 
it would be suggested that Union Carbide apply the coating as a subcontract 
activity after the electrodes are coated with the vinyl coating, but before 
they are filled with electrolyte. 




WORK PLAN 


SLEEP MONITORING SUPPORT PROGRAM 


1* Build 70 electrodes to flight specifications using commercial parts 
and including 100% inspection - do not fill with electrolyte. 

2. Ship electro. 'es to Union Carbide for application of Parylene. 

3. Manufacture 6 sleep caps to flight specifications using commercial 
parts and excluding 100% inspection. 

4. Fill Parylene- coated electrodes with electrolyte, mount to caps with 

vinyl sheet backing, assemble final cap assembly, seal in retort 
stock bags . ^ 

5. Store caps on shelf for periodic opening and inspection. 

6. Do a literature material search for coating materials that would 
make electrodes less permeable to water vapor. 

7. Try out various coating materials on electrode samples. 

8. Explore other methods for increasing the shelf life of the cap 
assemblies . 

9. Support NASA-MSC as required in refurbishment of existing cap 
assemblies . 

10. Support NASA-MSC in tests involving cap assemblies. 

11. Coordinate all activities with Dr. Frost and NASA-MSC. 

12. Report activities and results to NASA-MSC. 




Work Plan (Cont'd) 

Sleep Monitoring Support Program 


13. Write process specifications for any new processes designed to 
increase shelf life. 

This task specifically excludes the following activities: 

1. Thorough studies of the effects of ambient pressures on the electrodes 
and studies of methods for alleviating these effects. 

2. Studies of electrostatic discharge design changes and modifications 
of the cap assembly not related to increasing its shelf life. 



One problem was experienced during the evacuation of the coating chamber 
prior to the first application of Parylene. The vinyl coating on some of the 
electrodes was stretched out of shape by air entrapped on the back side of 
the electrode. Of the batch of electrodes, approximately 20 did not stretch. 
It is felt that, in the future, a small hole be placed on the back side of 
the electrodes to allow this trapped air to escape without deforming the 
vinyl coating. (This procedure was subsequently shown to work in preventing 
this problem) . 

The electrodes were filled with electrolyte using flight specifications and 
procedures. Caps were manufactured and the electrodes were attached to the 
caps in the following configurations: 

1. Parylene coated electrodes (7) attached to a layer of 
vinyl 20 mils, thick and then cemented to cap. 

2. Standard electrodes (7) attached to a layer of vinyl 20 mils, 
thick and then cemented to cap. 

3. Standard electrodes (7) cemented directly to a cap in a 
standard (control) configuration. 

One cap assembly of each type was placed in the clean bench on March 28 
without being bagged. One cap assembly of each type was bagged under an 
evacuated nitrogen atmosphere using standard procedures. In addition, 
five electrodes of each type have been left exposed to room ambient 
conditions without being attached to a cap. 

All of the electrodes and cap assemblies were weighed on a daily basis. 
Preliminary results were that the Parylene-coated electrodes are loosing 
weight at a far less rapid rate than those that were uncoated. 



The following configurations of electrodes and cap assemblies were stored 
for life testing at the end of March, 1972: 

1. Completed Electrodes, Unbagged 



A. 

Parylene-Coated 


B. 

Original Configuration 

2. 

Completed Cap Assemblies, Unbagged 


A. 

Parylene-Coated, Vinyl-Backed 


B. 

Non-Parylene-Coated, Vinyl-Backed 


C. 

Original Configuration 

3. 

Completed Cap Assemblies, Bagged 


A. 

Parylene-Coated, Vinyl-Backed 


B. 

Non-Pary lene Coated, Vinyl Backed 


C. 

Original Configuration 


4. Cap Only, Without Electr odes, Unbagged 

It was found that the unbagged caps varied in weight directly with the 
relative humidity of the room. Thus, a cap was built without electrodes 
and left exposed to the same room environment as the unbagged test cap 
assemblies . 


Figure 1 is a plot of the weights of the three different configurations of 
unbagged cap assemblies versus the days from the start of the test. It 
is anticipated that an exponential decrease in weight will occur when the 
caps are exposed to laboratory ambient conditions for a sufficiently long 
period of time. For this plot, a straight line approximation has been 
made. Thus, the following weight losses were measured for the 40-day 
duration of test data: 

1. Parylene-Coated, Vinyl-Backed - 0.015 grams/day 

Non-Parylene-Coated , Vinyl-Backed - 0.015 grams/day 
3. Original Configuration - 0.130 grams/day 
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Thus, the loss in weight was significantly reduced by the 1-mil thickness 
of Parylene coating. The average weight of electrolyte per electrode was 1.25 
grams per cap assembly. The original configuration cap assembly lost approxi- 
mately 5.10 grams (or 58.2%) of its electrolyte in 40 days, white the -Parylene- 
coated electrodes lost only 0.6 grams of its electrolyte over the same period 
of time. Some improvement in weight loss was observed on the cap which was built 
with a vinyl-backing but without Parylene. On the basis of these data, it 
would appear that the loss of electrolyte is improved by approximately an order 
of magnitude by the use of the Parylene coating. 

The moisture absorbing properties of the cap material are apparent from 
Figure 2. This property makes the interpretation of a limited amount of 
early data difficult. 

The weights of the caps which have been sealed in the metallized bags have 
not changed more than + 0.01 grams for the entire 40-day period -- the 
resolution of the scale being used. Thus, it appears that the metallized bag 
is retaining the electrolyte within its boundaries. 

Table I is a summary of the data from Parylene-coated and non-Parylene 
coated electrodes taken of May 1, 1972, 34 days after the start of the test. 
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TABLE I 


SUMMARY OF DATA AFTER 34 DAYS 


Weight 


Electrode 

Number 

Parylene 

Coated 

Original 

Weight 

Weight of 
Electrolyte 

Weight 

on 

5/1/72 

Change 

In 

34 Days 

Electrolyt' 

Loss 

12 

No 

4.84 

1.70 

3.97 

0.87 

51% 

13 

No 

4. 75 

1.49 

3.90 

0.85 

57% 

14 

No 

4.92 

1.67 

4.19 

0.73 

44% 

105 

No 

5.26 

2.11 

4.28 

0.98 

46% 

123' 

No 

4.59 

1.44 

3.75 

0.84 

58% 

3 

Yes 

4.82 


4.77 

0.05 

2.9% 

4 

Yes 

4.80 


4.76 

0.04 

2.4% 

S 

Yes 

4.62 

Avg. = 1.7 

4.59 

0.03 

1.8% 

6 

Yes 

4.90 


4.85 

0.05 

2.9% 

7 

Yes 

4.64 


4.60 

0.04 

2.4% 




The average loss of electrolyte for the uncoated electrodes is 51% after 34 
days while it is only 2.5% for the Parylene-coated electrodes over the same 
period of time. Figure 3 is a plot of the weights of two representative 
samples of electrodes, coated and uncoated. The improvement in weight 
loss due to the Parylene coating is obvious. 

On the basis of the test results, it must be concluded that the Parylene 
coating reduces the electrolyte loss by approximately an order of magnitude. 
Thus, the shelf life of the coated electrodes is predicted to be sufficiently 
long in order to permit immediate fabrication for Project Skylab usage. 

It is obvious that the 1-mil thickness of Parylene reduces the flexibility of 
the tip of the electrode. It is felt that this will not significently impair 
the comfort of the cap, and limited tests were run to insure that this is 
true. 

During the month of April, SCI manufactured and delivered two prototype caps 
with conductive thread sewed into the fabric and with a resistor included 
within a cover patch. This design was to provide a safe electrostatic dis- 
charge path. The Principal Investigator [PI) subsequently tested and approved 
this design. 

Of the two samples of conductive thread furnished by NASA-MSC, the KARMA 
No. 1219015Z was chozen as being the most satisfactory from a handling 
viewpoint. A zig-zag stitch was used to loop the thread around the cap. 

The resistor was connected to the thread by wrapping the thread around the 
lead wires and further securing the junction with conductive epoxy. The 
cap drawings weremodified in accordance with the chosen approach. 
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FIGURE 3 

Weights of Representative 
Samples of Coated and Uncoated 
Electrodes 
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The differences in weight loss and performance between these two caps are 
obvious. The Parylene coating is reducing the loss of electrolyte from the 
individual electrodes; however, the performance of the Parylene -coated cap 
assembly is still marginal after this period of time. 

The lectrodes were dissected and inspected. Inspection of the silver chloride 
plated disc within some of the electrodes revealed the onset of corrosion, 
especially in the Parylene-coated electrodes. Measurement of dc resistance 
between pins of the cap connector revealed low resistance paths (on the order 
of 100 M) between electrodes. Thus, a conductive path exists across the cap, 
between wires, and/or between pins on the connector. Electrolytic corrosion 
and possible -electrolysis of the water in the electrolyte are suspected because 
of the dissimilar metals used within this assembly. 
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Modified sized cap patterns were received from NASA-MSC. These patterns were 
designed by the PI for a better fit in the EOG and occipital regions of the 
cap. Prototype caps were built with this pattern and furnished for further 
evaluation. 

New cap materials were submitted to NASA-MSC for approval during May. The cap 
patterns and conductive thread routing were finalized during the program. 

The three experimental cap assemblies which were sealed in flight bags on 
March 28, 1972 were opened on May 23, 1972. The results of the tests on these 
caps were observed by the PI, NASA-MSC representatives, and SCI bioengineers. 
The data taken on this date are summarized below. 

I . Original Configuration Cap (Bagged) 

The weight of this cap just prior to bagging on March 28, 1972 was 78,90 grams. 
The weight of the cap when it was removed from the bag on May 23, 1972 (56 days 
later) was 78.87 grams. The relative humidity in the room at the time of un- 
bagging was 64% and the temperature was 75°F. 

The following weight changes were observed on this cap: 

78.90 grams - when bagged 

78.87 grams - when unbagged 

78.46 grams - 2-1/2 minutes after unbagging 

78.33 grams - 5 minutes after unbagging 

78.20 grams - 6-1/2 minutes after unbagging 

The cap was prepared for application and applied. The following data were 
taken utilizing the NASA-MSC electrode impedance measuring instrument. 

Subject: C.R. Booher 

Times Measured from application 




Impedances 


Time 

EOG 1 

EOG 2 

Cl 

C2 

01 

02 

1 min. 

1 M 

1 M 

1 M 

1 M 

1 M 

1 M 

3 min. 

440 K 

120 K 

150 K 

200 K 

740 K 

385 K 

5 min. 

490 K 

130 K 

150 K 

175 K 

600 K 

310 K 

On SMS 

NO 

YES 

YES 

YES 

NO 

NO 


The last line in this table indicates how the electrodes checked when the cap 
assembly was connected to the SMS DVTU approximately six minutes after appli- 
cation . 

II . Parylene-Coated, Vinyl Backed Cap [Bagged) 

The following data were taken on this cap: 

Temperature - 75°F Relative Humidity - 64% 

Weight prior to bagging (3-28-72) 83.95 grams 

Weight after unbagging (5-23-72) 83.92 grams 

Weight 2-1/2 minutes after unbagging 83.78 grams 
Weight 5 minutes after unbagging 83.70 grams 

Times measured from application 
Subject: C.R. Booher 


Time 

EOG 1 

EOG 2 

Cl 


C2 

01 

02 

1 min. 

1 M 

50 K 

100 

K 

91 K 

310 K 

240 K 

3 min. 

1 M 

55 K 

100 

K 

80 K 

250 K 

185 K 

5 min. 

1 M 

42 K 

86 

K 

77 K 

200 K 

150 K 

On SMS 

NO 

YES 

YES 


YES 

YES 

YES 




A meeting followed this test at which the following items of cap assembly critique 
were discussed: 

1. Pouch - Two objectives were found with the current pouch; (1) 
the preamplifier can slip out at a comer and (2) the electrodes 
under the pouch are difficult to "rock" during the electrode 
stabilization period. 

Action - Look at making pouch smaller or at designing shell for 
preamplifier. 

2. Silicone Electrode -to-Wire-Seal - The electrode-to-wire seal at the 
base of the electrode was thought to be too large and might ittitate 
the scalp. It is required to seal the Vyna-Kote to the silicone- 

•; insulated wire. 

Action - Make smaller. 

3. Wire Routing on Cap - The wire on the cap is sufficiently tight to 
not allow a full stretch of the fabric. 

Action - Allow more slack in the electrode wires. 

4. Strain Relief on Cap Connector - The strain relief on the cap 
connector is too long and interferes with preamplifier installation. 
Action - Reduce length of strain relief. Suggest looking at NASA-MSC 
strain relief molds for this application. 

5. Bond between Parylene and Spandex - Samples of epoxy bonding were shown. 
It was decided that the epoxy stiffened the back of the electrodes 
enough to reduce the comfort of the cap. 

Action - Find a flexible adhesive that*. will adhere to both, the Parylene 
and the Spandex. (Subsequently, it was shown that a silicone adhesive, 
with proper cleaning and priming of all surfaces, will do an excellent 
job for this application.) 




6. Continuity of Conductive Thread - A completed cap assembly with 
conductive thread and current-limiting resistor was shown for 
approval. It was pointed out that the continuity of the conductive 
thread must be assured. 

Action - Make sure that the continuity of the conductive thread is 
checked at several points in the ATP. The routing on the con- 
ductive thread and the mounting of the resistor were approved. 

Electrodes were built for life testing of wire attachment of back of silver 
disc. Five electrodes were built using Eccobond conductive epoxy and Scotchcase 
8 epoxy sealant. Five additional electrodes were built using silver bearing 
solder and RTV-112. These electrodes were filled with electrolyte and sealed 
in metallic bags for inspection at a later date. A decision on which approach 
to use was made prior to the completion of SMEAT. The silver-bearing solder and 
RTV-112 will be used. 

On June 12, 1972, a design review of the cap assemblies was conducted at 
NASA-MSC. Several decisions on the configuration of the cap assemblies were 
made as documented in the minutes of this meeting. 

A two-part connector mold that has been used at NASA-MSC for several years 
was evaluated by SCI for potential use on the SMS cap assemblies. Drawings 
were generated for this new potting procedure for the strain relief of the cap 
connector. 

All drawings, process specifications, and material specifications were updated, 
to reflect the latest changes in configuration. 

Four caps were built from government- furnished flameproof "Spandex". One 
was delivered with electrodes and one without. Two chain strap assemblies were 



built and delivered to NASA-MSC. 



Two special caps were built and delivered to the PI in November. These caps 
were wired such that the 01 and 02 electrodes and the Cl and C2 electrodes 
were in parallel. The ground electrode 1 was also relocated on these caps. 

This configuration was subsequently approved for the remainder of the cap 
assemblies . 

Meetings with the PI and NASA-MSC representatives resolved two remaining 
problems. It was decided to package the cap assemblies in the metallized 
bags with small holes punched in the comers to allow ambient pressure equalization 
The one-mil thick coating of Parylene was causing some irritation of the skin 
local to the cut-off electrode tip and was causing the wire (also coated in the 
process) to bend at right angles such that it appeared to break. It was 
decided to reduce the thickness of the coating to approximately 0.5 mil. 

Electrodes which were subsequently coated appeared to be improved in the 
qualities of concern. 

All of the objectives of this program have been completed and flight cap 
assemblies are currently being manufactured which incorporate all of the 
improvements identified and tested during this program. 
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